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ABSTRACT 


Experimental  data  have  been  developed  and  analyzed  that  provide  some  substantiation 
of  the  analytical  concepts  used  in  the  fatigue  reliability  analysis  outlined  in  reference  1 . 
Extreme  failure  data  were  derived  from  constant-amplitude  fatigue  tests  of  large  panels 
containing  300  identical  and  independent  details,  namely,  circular  holes.  These  tests  simu¬ 
late  a  fleet  of  separate  details  under  controlled  operation. 

Based  on  finite  element  analyses  and  photoelastic  experiments,  an  acceptable  panel 
configuration  was  determined,  providing  a  virtually  identical  stress  field  around  each  hole  of 
a  large  number  of  equally  stressed  holes.  A  Boeing-developed  crack  monitoring  system, 
which  uses  conductive  paint,  detected  the  cracks  when  they  reached  0.02  in.  in  length.  This 
permitted  the  cracked  holes  to  be  reworked  by  oversizing  and  cold  working  such  that  the 
influence  on  the  stress  fields  of  surrounding  holes  was  kept  at  a  minimum. 

Estimates  of  the  characteristic  life  and  the  log-average  life  were  derived  from  constant- 
amplitude  fatigue  tests  of  small,  single-hole  specimens  loaded  under  the  same  conditions  as 
the  large  panels  and  showing  a  hole  stress  field  identical  to  that  in  the  large  panel.  These 
estimates  were  used  to  predict  the  median  time  to  first  failure  in  the  large  panel. 

The  constant-amplitude  fatigue  tests  establish  the  feasibility  of  testing  single  specimens 
with  a  large  number  of  identically  stressed  details  to  examine  the  time-to-failure  distribution 
characteristics  of  the  population  of  details. 
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SECTION  I 


INTRODUCTION 


The  variability  of  material  or  structure  basic  fatigue  performance  is  one  of  the  primary 
problem  areas  in  a  reliability  analysis  of  a  fatigue-critical  structure.  Thus,  like  methods  for 
cumulative  fatigue  damage  analysis,  it  is  a  source  of  continuous  investigation.  Recently,  two 
well-known  distribution  models  were  used  to  apply  reliability  analyses  to  the  fatigue  analy¬ 
sis  task.  L'se  of  the  considerable  available  fatigue  test  data  on  aluminum  alloys  resulted  in 
demonstrating  the  probable  existence  of  distribution  pa.  ameters  that  typify  fatigue  vari¬ 
ability  (ref.  1 ).  Based  on  a  knowledge  of  the  distribution  shape  parameter,  a  fatigue  reli¬ 
ability  analysis  method  was  developed  and  shown  to  have  some  potential.  However,  the 
effectiveness  of  the  proposed  njethod  cannot  be  fully  evaluated  because  of  a  lack  of  either 
controlled  fleet  fatigue  performance  data  from  service  use  or  identical  laboratory  fatigue 
tests  on  very  large  groups  of  details. 

Although  large  fleets  of  both  military  and  commercial  airciaft  do  exist,  the  individual 
aircraft  are  exposed  to1  variable  or  different  operational  programs  or  do  not  have  environ¬ 
mental  load  monitoring  for  each  aircraft.  Apparently  neither  the  military  nor  commercial 
service  data  are  sufficiently  identified  or  cataloged  so  that  loading  conditions  for  each 
individual  reported  fatigue-critical  detail  can  be  precisely  defined.  Furthermore,  laboratory 

test  data  for  groups  as  large  as  a  few  thousand  identical  details  are  unavailable. 

« 

It  therefore  appears  essential  to  develop  and  to  analyze  suitable  experimental  data  that 
simulate  controlled  fleet  operation.  Toward  this  goal,  a  test  of  a  large  panel  with  many 
identical  and  independent  details,  such  as  circular  holes,  was  conceived.  Subjecting  such  a 
multihole  panel  to  simple  tension-tension,  constant-amplitude,  fatigue  cycling,  reflecting  for 
example  an  airplane’s  ground-air-ground  stress  cycle,  exposes  all  the  holes  to  essentially  the 
same  environmental  loading,  thereby  providing  the  control  not  available  currently.  Succes¬ 
sive  detection  and  removal  of  initiated  cracks  in  the  individual  holes  for  the  first  few  occur¬ 
rences  during  the  fatigue  test  of  the  panel  could  provide  technical  data  suitable  for  evalua¬ 
tion  by  a  reliability  analysis. 

Section  II  outlines  the  fatigue  testing  that  was  conducted  to  evaluate  the  feasibility  of 
the  program  outlined  in  the  preceding  paragraph.  Brief  descriptions^  the  fatigue  testing 
equipment  and  the  crack  detection  system  are  also  presented. 

Section  III  describes  the  multihole  test  specimens  and  the  results  of  the  analytical  work 
accomplished  toward  selection  of  the  chosen  configuration  of  the  specimens. 

Section  IV  presents  the  experimental  results  obtained  from  the  test  program  and 
includes  the  results  of  the  static  strain  survey  and  the  fatigue  test. 

Section  V  discusses  the  experimental  results  and  their  suitability  as  data  for  verifying  a 
reliability  analysis  method. 

Finally,  section  VI  lists  the  conclusions  ai^ived  at  and  presents  a  few  recommendations. 


The  appendix  contains  tables  of  strain  gage  locations  and  strain  results  during  static 
testing  of  both  multihole  panels. 


4k 


2 


SECTION  II 
TEST  PROGRAM 


The  goal  of  the  major  experimental  phase  of  the  program  was  the  exposure  of  a  large 
number  of  identical  and  independent  details  to  a  known  or  controlled  loading  environment. 
Regardless  of  actual  test-machine  loading,  the  test  of  a  single  large  panel  containing  many 
identical  holes  provided  some  consistency  in  load  exposure  for  each  individual  hole.  This 
phase  of  the  experiment  can  be  considered  to  be  a  model  of  a  closely  controlled  or  moni¬ 
tored  fleet  of  aircraft.  The  mean  fatigue  performance  was  determined  by  subjecting  small 
single-hole  specimens  to  a  loading  history  similar  to  that  of  the  large  panel.  Consistency  in 
manufacturing  control  was  maintained  by  fabricating  the  small  specimens  from  one  of  the 
large  panel  specimens.  To  maintain  simplicity  in  the  loading  environment,  the  tests  were 
conducted  under  a  constant-amplitude,  tension-tension  fatigue  load.  This  simulated  an 
idealized  ground-air-ground  cycle  stress  irange  of  an  aluminum  alloy  wing  lower  surface 
region. 

Two  large,  144-  by  48-  by  1/8-in.,  2024-T3  sheet,  multihole  panels  were  tested  in  an 
Electro  Mechanical  Research  (EMR)  programmed  fatigue  testing  machine,  figure  1 .  This 
machine  has  a  maximum  load  capacity  of  ±1 50,000  lb  at  a  frequency  range  of  0.S  to  20  Hz 
and  it  can  accommodate  specimens  up  to  1 80  in.  long.  The  machine  operates  on  the 
hydraulic  servovalve  closed-loop  principle,  and  random  loading  is  accomplished  by  use  of  a 
seven-track  digital  magnetic  tape  programmer.  The  constant-amplitude  and  programmed 
loads  approximate  a  square  wave  at  low  frequencies  and  a  reversed  exponential  wave  at  high 
frequencies.  A  function  generator  provided  sinusoidal  wave  shape,  constant-amplitude  load¬ 
ing.  Resolution  of  1 00  lb  for  content-amplitude  loading  and  300  lb  for  programmed  loading 
is  attainable.  The  loading  range  Used  for  the  test  via s  a  minimum  of  6,000  lb  to  a  maximum 
of  144,000  lb,  corresponding  to  a  gross  stress  range  of  1  to  24  ksi  at  a  cyclic  frequency  of 
200  cpm,  using  a  reversed  exponential  wave  shape. 

t  ■ 

Prior  to  and  on  completion  of  fatigue  cycling,  each  panel  was  loaded  statically  from 
zero  to  24  ksi  in  increments  of  4  ksi  for  Doth  the  loading  and  unloading  portions  of  the  load 
cycle.  The  first  panel  was  instrumented  with  1 9  axial  strain  gages,  four  rosette  strain  gages, 
and  two  photoelastic  coatings,  each  9  in.  wide  and  9  in.  long.  The  location  of  these  gages  is 
shown  on  figure  2  and  their  coordinates  are  tabulated  in  the  appendix,  together  with  the 
static  results.  Three  static  load  cycles  were  applied  to  panel  1  prior  to  fatigue  cycling,  and 
one  single  loading  cycle  was  applied  on  completion  of  the  fatigue  test.  Strain  readings  were 
taken  and  recorded  on  all  four  cycles,  whereas  the  photoelastic  coating  was  read  only  at  the 
maximum  load  condition  of  the  first  cycle.  The  second  panel  was  equipped  with  only  1 2 
strain  gages,  as  shown  in  figure  3  and  tabulated  in  the  appendix.  Two  loading  cycles  prior  to, 
and  a  single  load  cycle  on  completion  of,  fatigue  testing  were  applied  to  the  panel;  the  strain 
gage  readings  were  recorded  and  are  presented  in  the  appendix. 

After  applying  the  three  static  load  cycles  on  panel  1 ,  the  two  photoelastic  coatings 
were  removed,  the  panel  was  cleaned  locally,  the  crack  detection  circuitry  was  completed, 
and  fatigue  cycling  was  begun.  A  Boeing-developed  crack-monitoring  system  that  uses 
conductive-paint  crack-detection  circuits  was  used  on  this  test  p/ogram.  Twenty  circuits 
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were  used  on  each  panel  to  monitor  both  faces. of  the  panel;  figures  4  and  5  illustrate  a 
typical  nine-hole  section  on  the  panel  and  the  detail  around  a  single  hole,  respectively.  The 
20  circuits  were  wired  into  a  visual  and  audible  alarm  system  so  that  initiation  of  a  crack 
would  break  the  applicable  circuit  and  trigger  the  alarm.  At  this  occurrence,  the  test 
machine  was  switched  off,  the  broken  circuit  identified,  and  the  location  of  the  cracked 
hole  determined.  The  existence  of  a  crack  in  the  hole  was  verified,  under  load,  using  a  red 
dye  penetrant  (VP30  from  the  Met-L-Check  Company),  D-70  developer  from  the  same  com¬ 
pany,  and  a  1 4-power  hand-held  magnifier.  If  the  hole,  was  cracked,  the  crack  length  was 
measured  and  then  the  hole  reamed  oversize  to  remove  all  traces  of  the  crack.  The  oversized 
hole  was  then  cold  worked  to  prevent  any  further  cracking  at  that  location,  and  the  broken 
detection  circuit  was  repaired.  Fatigue  cycling  was  then  restarted  and  continued  until  the 
next  occurrence  of  a  circuit  break  when  the  procedure  just  described  was  repeated.  On  a  few 
occasions,  burrs  on  the  drill  exit  face  of  the  panel  initiated  failures  in  the  painted  circuits 
without  any  corresponding  cracks  in  the  panel.  The  operational  procedure  at  these  times 
was  simply  to  repair  the  broken  circuit  and  then  to  continue  cycling  to  the  next  positive 
indication  of  a  crack.  After  obtaining  the  initial  22  failures  on  the  first  panel  in  this  manner, 
the  fatigue  test  wasstopped  and  a  final  static  loading  cycle  applied. 

The  procedure  for  the  second  panel  was  a  repeat  of  that  just  described  for  panel  1 , 
except  that  no  photoelastic  coatings  had  to  be  removed,  and  the  initial  30  failures  were 
obtained  prior  to  stopping  the  fatigue  test. 

Finally,  a  third  panel,  which  had  been  drilled  on  a  numerically  controlled  machine  in  a 
manner  similar  to  the  other  two  panels,  was  cut  up  into  20  small  single-hole  specimens.  The 
locations  of  these  specimens  with  regard  to  the  overall  panel  are  shown  in  figure  6.  These 
specimens  were  provided  with  crack-detection  circuits  as  on  the  two  multihole  panels  and 
were  fatigue  tested  at  a  constant  cyclic  stress  of  1  2.5  ±  11.5  ksi.  The  fatigue  machine  was  a 
Sonntag  Model  SF-10-U,  a  constant-dynamic-force,  inertial-compensating,  mechanical- 
oscillator-type  machine.  Dynamic  loading  is  a  sinusoidal  load  superimposed  on  the  static 
mean  load  by  a  synchronous. motor  rotating  an  adjustable  eccentric  mass.  Flexure  plates  are 
incorporated  to  allow. motion  only  in  the  vertical  direction.  The  test  was  conducted  with  a 
2: 1  multiplier  head  replacing  the  standard  head;  with  this  head  installed,  machine  capacity 
was  increased  to  10.000  +  10.000  lb.  Cyclic  frequency  was  a  constant  30  Hz.  The 
crack-detection  circuits  on  the  specimens  were  wired. to  the  test  machine  so  that,  at  initia¬ 
tion  of  a  crack,  the  machine  was  switched  off.  As  before,  the  holes  were  inspected  for  a 
crack  using  dye  penetrant,  and  positive  indications  were  measured  and  their  lengths  and 
cyclic  lives  recorded.  The  specimens  were  then  cycled  to  final  failure.  x 
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SECTION  III 
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TEST  SPECIMENS 


For  the  multihole  panel,  a  configuration  was  chosen  that  provides  a  maximum  number 
of  holes  surrounded  with  complete  identical  stress  fields.  As  shown  in  figure  7,  the 
l/8-in.-thick,  48-  by  144-in.  panel  contains  300  holes  arranged  in  a  matrix  of  1 5  columns 
and  20  rows  in  the  central  portion  of  the'  plate.  The  3/l(>-in.-diameter  holes  are  equally 
spaced  3.2-in.  apart  1  7  diameters)  between  the  rows  and  columns.  The  edge  margin  of 
the  holes  in  columns  I  and  I  5  is  8.5  diameters,  and  rows  I  and  20  are  about  7/ 1 0  of  the 
plate  width  from  the  grip.  At  the  grip  ends,  l/16-in.-thick  doublers  have  been  bonded  to  the 
plate  on  both  sides.  The  configuration  of  the  single-hole  specimen  was  chosen  to  obtain  a 
stress  concentration  factor  equal  to  that  of  the  identically  stressed  holes  of  the  multihole 
panel  As  shown  in  figure  8,  these  specimens  are  4  in.  wide  and  contain  a  3/  16-in.  hole  in  the 
center. 

At  the  present  time,  a  closed-form  solution  for  the  stress  analysis  of  a  multihole  panel 
is  not  possible,  and  a  computational  solution  for  the  panel  including  the  holes  is  impractical. 
The  two  primary  parameters  in  the  analysis  are: 

•  Interaction  of  holes  on  each  other  and  of  holes  and  boundaries 

•  Constraint  imposed  by  the  stiff  grips 

These  parameters  were  considered  separately  in  an  effort  to  find  an  optimal  multihole  panel 
configuration.  Some  initial  exploratory  work  was  performed  on  both  subjects  using  a  three- 
node,  constant-strain,  finite-element,  computer  program  and  a  photoelastic  model.  The  com¬ 
puter  program  is  capable  of  analyzing  the  stress  and  deformation  of  two-dimensional  struc¬ 
tures  subjected  to  in-plane  loads  and  displacements  and  uses  stress-strain  response  character¬ 
istics  of  the  structural  materials.  Related  to  hole  interaction  effects,  this  study  revealed  the 
following  results: 

•  In  an  infinite  plate  containing  a  matrix-like  array  of  regularly  spaced  holes  of  the 
same  size  and  subjected  to  a  tensile  load  parallel  to  the  line  or  column  of  holes, 
the  maximum  stress  and  stress  concentration  factor  at  the  end  holes  may 
approach  that  of  the  interior  holes,  depending  upon  the  spacing  between  holes. 
This  difference  can  be  reduced  by  either  increasing  the  distance  between  the  first 
and  second  holes  or  by  enlarging  the  end  hole.  However,  when  applied  to  a  finite- 
width  strip,  this  latter  approach  becomes  less  valid,  as  the  maximum  stress  at  the 
end  holes  increases  upon  enlarging  its  size,  because  the  net  section  is  reduced. 

To  explore  this  intei action  effect  between  the  first  and  second  holes  along 
the  load  direction  and  the  distance  between  the  first  hole  and  the  grip,  studies 
were  made  on  the  simplest  specimen  envisaged,  namely,  a  strip  of  aluminum 
sheet,  rigidly  gripped  at  the  ends,  and  containing  a  single  line  of  holes  parallel  to 
the  axial  load. 

•  Some  results  obtained  from  the  investigation  are  presented  in  table  1 .  The  param¬ 
eters  that  were  varied  were  the  grip  distance  to  the  first  hole  and  the  distance 
between  the  first  and  second  holes.  It  is  noted  from  these  results  that  increasing 
the  distance  to  the  first  hole  from  five  to  nine  diameters  lowered  the  ratio  of  the 
stress  concentration  factors  K-p|/Kj->  (table  1 )  by  about  l'i.  However,  increasing 
the  distance  between  the  first  and  second  hole  from  four  to  six  hole  diameters 
lowered  the  ratio  of  the  stress  concentration  factors  by  about  2%. 


5 


•  An  experimental  check  of  this  finite  element  solution  was  obtained  from  results 
of  a  photoelastic  study  made  available  from  the  Boeing  Scientific  Research  Labor¬ 
atories  (ref.  2).  A  specimen  0.1 32  in.  thick,  2.S  in.  wide,  and  containing  a  single 
row  of  three  holes  spaced  1 .5  in.  apart  was  the  model.  This  specimen  was  axially 
loaded  in  tension,  and  variations  in  peak  stress  differentials  were  obtained  by 
varying  the  diameters  of  the  central  and  outer  holes,  respectively.  Table  2  sum¬ 
marizes  the  results  of  this  experiment.  Again ^  as  noted  in  the  preceding  numerical 
study,  it  was  observed  that  a  reduction  in  distance  between  the  first  and  second 
holes  caused  an  increase  in  peak  stress  differential.  It  is  also  interesting  to  note, 
from  an  examination  of  cases  1  and  2  in  tables  1  and  2,  that  the  predicted  peak 
stress  differential  is  very  similar  to  the  values  that  were  measured  experimentally. 

•  In  a  semi-infinite  plate  containing  the  same  array  of  holes,  with  the  rows  of  holes 
parallel  to  the  plate  edge  and  subjected  to  a  tensile  load  also  parallel  to  the  plate 
edge,  the  stress  concentration  factor  for  the  edge  holes  may  approach  that  of  the 
interior  holes,  depending  on  the  edge  margin.  This  difference  will  approach  zero 
with  increasing  spacing  and  edge  margins.  The  mathematical  solution  of  Mindlin 
(ref.  3)  for  a  semi-infinite  plate  with  a  hole  near  the  plate  edge  and  the  solution  of 
Schoulz  (ref.  3)  for  an  infinite  plate  with  a  single  row  of  holes  perpendicular  to 
the  load  direction  reveal  a  difference  in  the  stress  concentration  factors  for  the 
hole  near  the  edge  and  the  interior  holes  of  approximately  1%  or  less  for  ratios  of 
hole  distance  to  hole  diameter  larger  than  13  and  for  ratios  of  edge  distance  to 
hole  diameter  larger  than  6.5. 

Having  demonstrated  the  feasibility  of  obtaining  practically  interaction-free  details 
within  a  single  multihole  specimen-about  1%  variation  in  peak  stress  for  the  given  ratios  of 
hole  spacing  to  hole  diameter  and  edge  distance  to  hole  radius  of  1 3— it  was  decided  to 
examine  the  effect  of  Poisson’s  ratio  on  the  peak  stress  distribution.  As  before,  a  flexible 
sheet  panel,  rigidly  constrained  at  the  ends  by  stiff  grips,  was  considered  as  the  test 
specimen.  No  holes  were  included  in  this  case  as  it  was  computationally  impractical. 
Symmetry  of  the  specimen  also  reduced  the  size  of  the  program  by  modeling  only  a  quarter 
plate  section  of  the  test  specimen. 

The  chosen  grid  of  24  by  32,  standard,  three-node,  constant-strain,  triangular  elements 
and  results  of  the  computer  analysis  are  presented  in  figures  9  through  1 2  for  four  grip  con¬ 
figurations.  In  the  areas  of  larger  stress  gradients  in  the  vicinity  of  the  grips,  a  finer  grid 
would  result  in  a  more  accurate  stress  evaluation.  The  numbers  written  on  the  elements  are 
the  precentage  differences  in  individual  element  equivalent  stress  and  the  average  equivalent 
stress  of  the  elements  along  the  horizontal  centerline  (i.e.,  the  number  +2  means  a  stress 
increase  between  1 .5%  and  2.5%;  in  the  shaded  areas,  the  stress  change  is  between  -0.5%  and 
+0.5%).  The  coordinate  stresses  ox,  Oy,  and  rXy;  principal  stresses  o  j ,  a j,  and  +max;  and 
equivalent  stress  based  on  the  distortion  energy  (v.  Mises  and  Hencky)  have  been  calculated 
for  each  element  and  nodal  point  of  the  plate.  The  equivalent  stress  has  been  taken  as  the 
measure  of  the  stress  field  variation  over  the  panel,  the  variation  is  shown  in  figures  9 
through  12. 

Figure  9  shows  the  stress  variation  derived  for  a  plate  with  constant  cross  section  over 
the  whole  plate  length  and  an  initial  displacement  put  directly  on  the  plate  in  the  grip  area. 
Figure  10  shows  the  stress  variation  derived  for  a  plate  with  constant  width  but  containing 
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six  equally  spaced  1 6-in.-long,  3/ 16-in -wide  slots  at  the  grip  end  parallel  to  the  toad  direc¬ 
tion  and  an  initial  displacement  put  directly  on  the  plate  in  the  slotted  grip  area.  Figures  1 1 
and  1 2  show  the  stress  variations  derived  for  similar  plates  as  in  figure  9  but  with  rectangular 
doublers  and  U-shaped  doublers,  respectively,  bonded  to  the  plate  on  both  sides  of  the  grip 
ends.  Here  the  initial  displacement  was  placed  on  the  doublers  as  the  calculation  of  the  load 
transfer  over  the  bond  elements  to  the  plate  is  incorporated  in  the  computer  program. 

As  a  result  of  these  computations,  it  was  decided  that  a  maximum  of  300  holes  per 
panel,  3/16  in.  in  diameter,  was  acceptable.  By  arranging  these  holes  as  shown  in  figure  7,  a 
spacing  of  slightly  more  than  1 7  diameters  is  obtained.  A  picture  of  the  hole  field  of  panel  2 
is  shown  in  figure  1 3.  This  matrix  of  holes  is  located  over  the  central  area  of  the  panel,  and 
it  is  expected  that  only  10%  of  the  holes  will  be  in  areas  with  as  much  total  stress  variation 
as  S%.  In  this  context,  total  stress  variation  is  the  difference  in  equivalent  stress  level 
between  the  hole  in  the  area  with  the  lowest  and  the  hole  in  the  area  with  the  highest  equiv¬ 
alent  stress.  These  percentages  apply  only  to  the  plate  with  the  bonded  U-shaped  doublers. 
However,  for  a  panel  with  rectangular  doublers,  25%  of  the  holes  would  be  in  areas  with  a 
6%  stress  variation,  and  if  the  doublers  would  be  left  off  1 6%  of  the  holes  would  be  in  areas 
with  a  4%  stress  variation  and  1 7%  of  the  holes  in  areas  with  a  5%  stress  variation  for  the 
panel  with  the  slotted  grips  and  the  panel  with  constant  cross  section,  respectively.  The  final 
choice,  consequently,  was  the  plate  with  the  bonded  U-shaped  doublers  shown  in  figure  1 2. 

As  a  result  of  a  comparison  of  the  stress  concentrations  around  the  intermediate  holes 
of  the  multihole  panel  and  the  hole  in  the  single-hole  specimen,  the  combination  of  a 
3/1 6-in  .-diameter  hole  with  a  4-in.  width  was  found  acceptable  for  the  small  specimen. 

Based  on  reference  3  and  the  foregoing  study,  the  stress  concentration  is  assumed  to  be 
about  o^jja  *  3.0,  with  less  than  1%  difference  between  the  intermediate  and  the  single 
hole. 


The  material  used  for  fabricating  the  specimens  was  2024-T3  bare  aluminum  alloy, 

0.1 25  in.  thick,  purchased  from  Reynolds  heat  H/T  lot  KH  1 7273-0.  Two  multihole  panels 
and  20  single-hole  specimens  were  fabricated,  per  figures  7  and  8,  on  a  numerically  con¬ 
trolled  drilling  machine  using  first  a  No.  15  (0. 180-in.  diameter)  Nu  Con  77  drill  at  2400 
rpm  and  finishing  with  a  0.1 87-in  .-diameter  reamer  at  600  rpm. 

Multihole  panels  1  and  2  were  unaltered  from  their  original  purchased  size.  The  single- 
hole  specimens  were  cut  out  from  a  third  panel  per  figure  6  after  all  holes  had  been  drilled. 
The  3/16-in.-diameter  holes  drilled  in  multihole  panel  1  and  in  the  single-hole  specimens 
were  left  as  drilled,  with  the  burrs  at  the  hole  edges  projecting  from  the  drill  exit  face.  Panel 
2,  however,  was  lightly  sanded  along  each  column  of  holes  in  the  longitudinal  direction  on 
both  sides,  using  6C0-grit  sandpaper  backed  by  a  flat  steel  block.  Any  trace  of  burrs  project¬ 
ing  from  the  faces  was  removed  by  this  operation.  This  was  required  because  the  primer  for 
the  liquid  paint  wires  could  not  adhere  to  the  edge  of  burred  holes  due  to  the  slight  lips  at 
unsanded  hole  edges. 
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SECTION  IV 


TEST  RESULTS 


1 .  STATIC  STRAIN  SURVEY 

a.  Photoelastic  Coating 

Panel  1  was  equipped  with  two  9-  by  9-in.  photoelastic  coats  at  the  locations  shown  in 
figure  2.  Readings  were  taken  at  maximum  load  on  the  first  static  loading  cycle.  Considering 
first  the  lower  right  location,  readings  were  taken  at  points  1  through  4.  Point  I  was  equi¬ 
distant  between  the  two  holes  on  rows  1 8  and  19  and  along  column  1 3.  Point  2  was  diag¬ 
onally  equidistant  between  the  four  holes  on  rows  18  and  19  and  on  columns  13  and  14. 
Point  3  was  equidistant  between  the  two  holes  on  row  19  and  columns  13  and  14.  Finally, 
point  4  was  located  equidistant  between  column  IS  and  the  edge  of  the  panel  and  between 
rows  18  and  19.  This  is  illustrated  in  figure  14,  and  the  representative  stress  values  are  given 
in  table  3.  The  results  of  the  photelastic  coating  near  the  panel’s  central  area  are  shown  in 
figure  1 5.  The  readings  showed  a  uniform  stress  distribution  and  consequently  were  not 
recorded. 

b.  Strain  Gage  Results 

The  complete  set  of  strain  gage  results  are  tablulated  in  the  appendix,  and  the  informa¬ 
tion  contained  in  this  section  has  been  limited  to  these  data  in  reduced  form.  A  typical 
stress-strain  curve  showing  the  strain  gage  data  during  loading  and  unloading  is  presented  in 
figure  1 6.  The  data  points  correspond  to  average  strain  at  the  load  steps  of  the  s&BQod  and 
third  static  test  cycles  given  by  strain  gage  1  on  panel  1  (see  the  appendix). 

A  consistent  difference  in  strain  between  all  gages  placed  along  the  vertical  plate  cen¬ 
terline  and  the  gages  located  near  the  panel  edge  was  noticed.  The  corresponding  average 
percent  differences  at  the  different  y-iocations  shown  in  figure  17  are  based  on  the  calcu¬ 
lated  strain  and  are  compared  to  the  finite  element  computer  analysis  results.  Stress-strain 
curves  that  represent  the  average  of  four  strain  gages  on  the  vertical  centerline  and  the 
average  of  eight  strain  gages  near  the  plate  edge  of  panels  1  and  2,  at  the  location  y  =  109 
in.,  are  shown  in  figure  18. 

Strain  gage  data  that  were  read  before  and  after  the  fatigue  test  from  gages  13  and  23, 
which  were  next  to  the  cold-worked  holes,  are  shown  in  figure  19.  Gage  23  was  located 
between  holes  20-1  and  20-2,  of  which  hole  20-1  had  developed  a  fatigue  crack  and  was 
reworked  to  3/8-in.  diameter.  Gage  13  was  located  next  to  hole  1-8,  which  had  developed  a 
second  fatigue  crack  after  the  normal  repair  procedure  and  was  consequently  oversized  and 
cold  worked  again  to  a  final  diameter  of  0.567  in. 

2.  FATIGUE  TEST  RESULTS 
a.  Single-Hole  Specimens 

Twenty  single-hole  specimens  were  fatigue  tested,  and  their  cyclic  lives  to  the  first 
observed  crack  and  to  final  failure  were  both  recorded.  The  specimens  were  all  tested  in  the 
same  test  machine,  and  the  results  have  been  tabulated  in  the  order  of  testing  sequence  in 


tabic  4.  The  designation  of  left  or  right  side  of  the  hole  applies  when  looking  at  the 
drill-entry  face  of  the  specimen. 

b.  Multihole  Specimens 

The  results  of  the  fatigue  test  on  panel  I  are  tabulated  in  table  S  and  illustrated  on 
figure  20.  As  before,  the  designation  of  left  or  right  side  of  the  hole  applies  when  looking  at 
the  drill-entry  face  on  the  panel.  The  hole  at  row  19,  column  2  and  that  at  row  1 3,  column 
1 2  had  cracks  of  0.04  in.  and  0.05  in.,  respectively,  when  first  detected.  The  burrs  at  these 
two  holes  prevented  locating  crack  detection  circuits  closer  to  the  edges  of  the  holes  to 
allow  observation  of  shorter  cracks.  During  drilling  of  the  panel,  slight  gouging  of  the  panel 
occurred  at  two  locations  on  the  drill  entry  face  as  a  result  of  incomplete  raising  of  the  drill 
head.  A  shallow  horizontal  gouge  connected  the  two  holes  on  row  3  at  columns  14  and  15. 
Hole  3-15  also  had  a  small  vertical  gouge.  A  fatigue  crack  resulted  along  the  gouge  at  hole 
3-14.  On  detection  at  20,500  cycles,  the  crack  was  0.06  in.  long.  The  hole  on  row  2,  column 
15  was  also  gouged ,  with  a  shallow  horizontal  gouge  extending  from  the  left  side  of  the  hole 
approximately  halfway  to  the  adjacent  hole.  It  should  be  noted  that  this  hole  was  the  loca¬ 
tion  of  the  first  failure  at  18,768  cycles;  the  crack  initiated  on  the  right  side  of  the  hole.  At 
26,901  cycles,  the  hole  at  row  I,  column  8,  which  had  been  reamed  out  and  cold  worked 
earlier  at  24,060  cycles,  developed  a  further  crack.  After  reworking  this  hole,  it  was  decided 
that  the  final  oversized  hole  was  sufficiently  large  at  0.567  in.  to  interfere  with  the  adjoining 
holes.  Consequently,  these  adjacent  holes  at  row  I,  columns  7  and  9  and  row  2,  columns  7, 
8,  and  9  were  all  cold  worked  to  circumvent  any  further  cracking  in  this  area.  Fatigue 
cycling  was  terminated  on  panel  1  at  28,788  cycles  after  crack  initiation  at  hole  13-9. 

The  fatigue  test  results  from  panel  2  are  tabulated  in  table  6  and  illustrated  on  figure 
2 1 .  The  hole  at  row  1 5,  column  1 0  was  badly  deformed  during  drilling  and  subsequently 
was  reamed  oversize  and  cold  worked  prior  to  any  fatigue  cycling.  On  this  panel,  both  faces 
were  sanded  smooth  prior  to  (and  to  facilitate)  installation  of  the  crack-detection  circuits. 
Fatigue  cycling  was  terminated  after  40,423  cycles  had  been  accumulated  on  the  panel  and 
30  cracks  had  been  initiated . 


SECTION  V 


DISCUSSION  OF  TEST  RESULTS 


1.  STATIC  STRAIN  SURVEY 

The  results  of  the  photoelastic  coating  on  the  first  panel  showed  that,  within  the 
accuracy  limitations  of  the  technique,  a  uniform  stress  distribution  existed  at  both  areas  on 
the  panel,  it  should  be  recalled  that  these  were  9-  by  9-in.  squares  only,  resulting  in  a  fairly 
localized  stress  survey.  However,  the  axial  and  rosette  strain  gages  were  widely  distributed 
over  tiie  panel  and  did  show  a  nonuniformity  in  the  strain  distribution  across  the  width  of 
the  panel.  Referring  to  the  strain  results  given  in  the  appendix  and  to  the  typical  reduced 
data  presented  in  Figures  1 6  and  1 8,  it  can  be  seen  that  both  panels  exhibited  the  same  strain 
behavior  and  were  both  symmetrically  loaded  over  the  panel  width  and  thickness.  Consider 
first  the  horizontal  centerlines  of  the  panels.  The  gages  located  toward  the  edges  of  the 
panels  between  the  first  and  second  and  the  fourteenth  and  fifteenth  columns  of  holes 
showed  an  average  level  of  strain  that  was  2.6%  higher  than  the  gages  at  the  centers  of  the 
panels.  This  same  trend  was  maintained  throughout  the  area  of  the  panels  that  contained  the 
matrix  of  holes.  For  example,  an  average  2%  variation  in  strain  was  measured  at  the  first  row 
of  holes  and  an  average  2.6%  variation  at  the  twentieth  row.  It  was  also  confirmed  that  the 
strain  variation  across  the  panel  width  then  increased  as  the  bonded  doublers  were  ap¬ 
proached.  This  information  has  been  summarized  on  figure  17,  which  also  lists,  for  compari¬ 
son,  the  expected  stress  variations  predicted  by  the  finite  element  analysis. 

Referring  to  figure  1 7,  it  can  be  seen  that  an  acceptable  correlation  between  predicted 
and  measured  variation  existed  at  the  top  and  bottom  rows  of  holes.  However,  along  the 
horizontal  centerline,  the  average  measured  variation  of  2.6%was  rather  unexpected  ar  the 
finite  element  solution  shows  a  uniform  stress  distribution.  Tne  reason  for  this  discrepancy 
is  not  clear  at  this  time  but  may  be  a  result  of  the  idealization  of  the  panel  or  of  ihe  accur¬ 
acy  in  the  strain  gage  readings,  which  were  ±2%.  It  had  been  assumed  that  the  bonded 
doublers  on  the  ends  of  the  panel  had  a  constant  positive  displacement  across  their  width. 
The  test  machine,  however,  was  equipped  with  friction  grips,  and  it  is  conceivable  that  a 
uniform  displacement  was  not  achieved.  More  importantly,  strain  variations  of  this  amount 
are  within  tolerable  bounds  and  so  should  not  unduly  prejudice  the  ensuing  fatigue  results. 

Finally,  figure  19  compares  the  behavior  of  strain  gages  adjacent  to  holes  that 
developed  cracks  during  fatigue  cycling.  Both  gages  were  on  panel  1 .  Gage  23  was  located  at 
row  20  between  the  holes  in  columns  1  and  2.  During  cycling,  a  crack  developed  at  hole 
20-1  at  27,205  cycles.  This  hole  was  then  typically  oversizqd  and  cold  worked  to  a  final 
diameter  of  0.38  in.  Figure  19  shows  gage  23  results  taken  before. and  after  cyclic  testing.  It 
can  be  seen  that  the  readings  are  virtually  identical,  and  no  apparent  interference  resulted 
from  reworking  an  adjacent  hole.  Gage  1 3  was  located  at  row  1  between  the  holes  in 
columns  8  and  9.  At  24,060  cycles,  hole  1-8  developed  a  fatigue  crack  and  was  reworked  to 
a  diameter  of  0.38  in.  However,  at  26,901  cycles,  another  fatigue  crack  was  discovered  in 
the  repaired  hole.  After  re-oversizing  and  cold  working,  the  final  hole  was  0.567  in.  in  dia¬ 
meter.  This  was  larger  than  the  0.38-in.-diameter  limitation  that  had  been  defined  for 
reworked  holes  and  was  believed  to  be  of  a  size  to  cause  local  interference.  This  belief  was 
verified  at  the  end  of  the  fatigue  test  when  the  gage  was  read.  Figure  19  shows  a  marked 
difference  in  the  gage  13  readings  before  and  after  fatigue  cycling.  It  should  be  noted  that 
this  was  the  only  occurrence  on  this  program  when  a  repaired  hole  exceeded  the  0.38-in.- 
diameter  size  restriction. 

Preceding  page  blank 
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2.  FATIGUE  TEST  RESULTS 


a.  Single-Hole  Specimen  Results 

The  fatigue  results  on  the  small  specimens  were  summarized  in  table  4.  From  these 
results  it  was  noted  that  14  of  the  20  cracks  initiated  on  the  drill-exit  side.  As  mentioned 
previously  in  section  III,  the  small  specimens  were  cut  from  a  large  panel  that  had  been  left 
as  drilled,  with  no  attempts  at  burr  removal.  Therefore,  the  preponderance  of  the  failures  on 
the  exit  side  was  not  really  surprising.  More  to  the  point,  however,  was  the  order  in  which 
the  failures  occurred.  For  example,  there  were  four  exit-side  failures  prior  to  the  first  entry- 
side  failure;  seven  more  exit-side  failures  preceded  the  second  entry-side  failure.  No  recog¬ 
nizable  variation  in  the  propagation  times  to  failure  between  the  drill  entry  and  exit  sides 
was  observable.  Times  to  a  0.02-in.  crack  lay  in  the  range  65'?  to  85'?  of  life  to  failure,  with 
the  average  value  falling  at  73'/?  of  failure  life.  This  value  is  consistent  with  the  data  pub¬ 
lished  in  reference  4,  considering  the  differences  in  material  thickness,  specimen  geometry,  etc. 

The  fatigue  test  data  were  analyzed  to  obtain  necessary  statistical  information.  As  in 
reference  1,  the  log-normal  and  Weibull  distributions  were  considered,  and  the  maximum 
likelihood  unbiased  point  estimates  of  the  shape  and  scale  parameters  were  obtained.  These 
estimates  were  summarized  on  table  7.  It  was  obvious  that  the  scatter  in  the  test  results  was 
of  a  low  order,  typical  of  closely  controlled  laboratory  testing  where  a  single  heat  of  mate¬ 
rial  was  used  in  conjunction  with  closely  monitored  testing  procedures.  The  exit-side  failures 
were  analyzed  separately  from  the  entry-side  failures  because  of  the  bias  toward  the  exit 
,  side  and  for  comparison  with  the  panel  results.  It  can  be  seen  from  the  results  that,  depend¬ 
ing  on  the  statistical  model  used,  there  was  a  7'?  to  I  O'?  difference  on  the  average  between 
the  exit  and  entry  sides.  It  was  also  noted  during  analysis  that  scatter  of  the  results  based  on 
life  to  failure  was  somewhat  lower  than  the  already  low  scatter  of  the  0.02-in.  crack- 
initiation  times.  This  was  not  entirely  unexpected  as  it  seems  quite  likely  that  small  varia¬ 
tions  in  the  0.02-in.  crack  length  must  exist  in  the  data  and  be  reflected  as  larger  scatter. 

b.  Multihole  Panel  Results 

Panel  I ,  as  in  the  case  of  the  single-hole  specimens,  was  left  in  the  as-drilled  coricfitibn  . 
with  visible  burrs  at  the  hole  edges  on  the  drill-exit  face.  Nqt  unexpectedly,  more  than  two- 
thirds  of  the  fatigue  cracks  initiated  at  the  drill  exit  face.  Moreover,  only  four  cracks 
initiated  on  the  inside  edges  of  the  holes,  i.e.,  growing  towards  the  vertical  centerline  of  the 
panel.  These  results  are  tabulated  on  table  5.  atuNJte  failure  locations  are  shown  in  figure 
20.  Referring  to  this  figure,  note  that  there  were  sqven  pairs  of  adjacent  failures.  Two  pairs 
were  horizontally  adjacent  at  row  7,  columns  1 1  and  1 2  and  at  row  19.  columns  4  and  5.  A 
single  pair  at  rows  13  and  14,  column  1  were  vertically  adjacent  and  four  pairs  were  diag¬ 
onally  adjacent.  These  were  holes  3-1  and  4-2.  8-14  and  9-15.  19-2  and  20-1 .  and  finally 
2-1 5  and  3-14.  Furthermore,  this  last  pair-the  first  and  third  recorded  failures-were.  as 
mentioned  in  section  IV,  at  a  location  that  had  been  slightly  gouged  during  the  drilling  of 
the  holes.  Other  than  these  two  holes,  only  one  other  hole  (3-15)  was  gouged  and  this  did 
not  suffer  a  failure,  fyecause  of  the  uncertainties  of  these  gouged  holes,  their  results  were 
discounted. 

The  first  point  about  the  results  that  was  immediately  obvious  was  that  lifetimes  were 
considerably  lower  than  those  obtained  from  the  single-hole  specimens.  In  fact,  all  20  fail¬ 
ures^  the  panel  hiid  been  obtained  within  80'?  of  the  lifetime  of  the  weakest  of  the 
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single-link  specimens.  Putting  this  another  way,  the  average  life  of  the  panel  failures  was 
approximatley  half  of  the  average  life  of  the  single-hole  failures.  This  would  seem  a  definite 
substantiation  for  the  argument  that  the  numerical  size  of  the  exposed  sample  (or  fleet)  be  a 
major  consideration  in  structural  fatigue  reliability  analyses. 

Panel  2  was.  as  mentioned  in  section  III.  sanded  lightly  on  both  faces  to  eliminate  the 
surface  burrs  caused  by  the  drilling  operation,  Consequently,  this  panel  was  different  from 
either  panel  I  or  the  single-hole  specimens  in  that  there  was  no  observable  surface  variation 
between  the  drill  entry  and  exit  faces,  so  all  failures  were  considered  as  entry-side  failure^.' 
Fatigue  results  are  listed  on  table  6  and  the  failure  locations  are  shown  in  figure  21 .  Refer¬ 
ring  to  the  table  and  the  figure,  it  can  be  seen  that  there  were  1 1  pairs  of  adjacent  failures 
out  of  the  30  recorded  failures.  One  pair  was  horizontally  adjacent,  four  pairs  were  adjacent 
in  the  vertical  plane,  and  the  remainder  were  paired  diagonally.  Of  the  30  cracks,  21  initi¬ 
ated  on  one  face  of  the  panel  and  1 7  were  on  that  side  of  the  hole  nearer  the  edge  of  the 
panel.  The  apparent  bias  of  the  failures  toward  u  single  face  was  unexplained  since  both 
faces  had  been  finished  similarly  during  the  sanding  process.  Nevertheless,  it  was  notable 
that  all  the  failures  on  panel  2  had  occurred  at  a  cyclic  life  lower  than  the  lowest  recorded 
entry-side  failure  of  the  single-hole  specimens.  This  supports  the  trend  noted  in  the  first 
panel  fatigue  results.  In  summary: 

•  Single-hole  specimens: 

Lowest  exit-side  failure  (14  data  points)  =  37.000  cycles 

•  Panel  I : 

Lowest  recorded  exit-side  failure  (15  data  points)  =  19.504  cycles 

•  Panel  1 : 

Highest  recorded  exit-side  failure  ( 15  data  points)  *  28,788  cycles 

•  Single-hole  specimens: 

Lowest  entry-side  failure -(6  data  points)  =  41 ,000  cycles 

•  Panel  I : 

Lowest  recorded  entry-side  failure  (5  data  points)  =  24.060  cycles 

•  Panel  1 : 

Highest  recorded  entry-side  failure  (5  data  points)  =  27.750  cycles 

•  Panel  2: 

Lowest  recorded  entry-side  failure  (30  data  points)  =  28,61  5  cycles 

•  Panel  2: 

Highest  recorded  entry-side  failure  (30  data  points)  =  40.423  cycles 

This  experiment,  because  of  its  highly  laboratorized  nature,  where  a  singly  heat  of 
material  was  used  for  the  fabrication  of  similar  specimens,  which  were  then  carefully 
monitored  while  being  subjected  to  identical  loading  histories,  resulted  in  a  level  of  scatter 
predictably  lpwer  than  that  typifying  normal  aluminum  aircraft  structure.  Hence,  the  reli¬ 
ability  procedure  defined  in  reference  I  is  applied  to  this  study,  but  it  uses  the,  point  esti¬ 
mates  of  the  parameters  given  by  experimental  data  obtained  in  this  study.  Therefore,  based 
on  these  parameters,  a  reliability  analysis  was  conducted  using  the  single-hole  specimen 
results  to  predict  the  median  time  to  first  failure  of  3U0  identical  and  equivalent  details, 
fills  prediction  could  then  be  compared  to  the  tested  performance  of  the  multihole  panekr 
table  S  is  a  summary  of  the  results  of  this  computation,  and  it  can  be  seen  that  the  use  of 
the  Wcibull  model  and  a  specification  of  median  reliability  of  the  weakest  was  sufficient  to 


predict  the  first  failure  in  panel  1  and  almost  adequate  for  panel  2.  Furthermore,  the 
Weibull  predictions  were  consistently  closer  than  those  given  by  the  log-norm  il  model.  It 
should  be  added  that  the  choice  of  the  reliability  level  was  an  arbitrary  selection  for  use  in 
the  examples  just  presented. 

In  an  effort  to  demonstrate  the  type  of  results  that  would  have  been  obtained  from 
direct  application  of  the  values  given  in  reference  1,  it  was  assumed  that  only  one  single-hole 
specimen  had  been  tested.  This  would  define  the  scale  parameter  and  it  would  be  necessary 
to  assume  that  scatter  would  be  that  which  was  typical  of  aluminum  alloys.  The  average 
value  of  the  20  specimens  was  used  as  the  single  test  result,  and  predictions  of  median  time 
to  first  failure  in  a  group  of  300  details  were  made.  The  predicted  lives  given  in  table  8  show 
that  both  the  Weibull  and  log-normal  distribution  models  gave  rather  conservative  answers. 

Consider  now  the  results  from  the  first  multihole  panel.  As  shown  on  table  5  and  figure 
20,  there  were  1 5  failures  on  the  exit  face  of  the  panel,  three  of  which  initiated  at  holes 
adjacent  to  previously  reworked  holes.  These  were  at  row  20,  column- 1 ;  row  7,  column  12; 
and  row  19,  column  4.  Because  of  the  possibility  that  the  failures  at  these  holes  had  been 
influenced  by  the  adjacent  prior  failures,  they  were  discounted  from  the  ensuing  analysis. 
The  variation  in  strains  across  the  panel  noted  during  the  static  strain  gage  survey  was 
assumed  to  have  negligible  effect  on  the  fatigue  performance  of  the  individual  holes.  As  in 
the  case  of  the  single-hole  specimens,  these  12  failure  results  were  considered  as  part  of.a 
censored  sample,  and  unbiased  maximum-likelihoood  estimates  of  the  shape  and  scale 
parameters  were  calculated  and  are  shown  on  table  9. 

Panel  2  had  30  recorded  failures;  from  table  6  and  figure  2!  it  can  be  seen  that  !  0  were 
at  adjacent  holes.  Following  the  arguments  just  forwarded  in  the  previous  paragraph,' these 
10  cracks  were  discounted  and  the  remaining  20  data  points  were  considered  in  the  censored 
sample  used  in  obtaining  the  unbiased  shape  and  scale  parameters. 1  These  are  given  in  table 

9  .  t 

It  is  immediately  apparent  from  these  comparative  studies  that  the  assumption  of  the 
Weibull  distribution  results  in  an  estimate  of  the  shape  parameter  that  was  the  same  whether 
the  data  be  of  the  extrema  type,  as  obtained  from  the  multihole  panels,  or  of  central 
tendency  type  exemplified  by  the  single-hole  specimens.  Furthermore,  from  the  published 
work  in  reference  5,  it  was  expected  that  the  average  life  of  the  panel  holes,  tested  at  a  cycle 
frequency  of  3  i  Hz  would  be  lower  than  that  of  the  single-hole  specimens,  which  were 
cycled  at  3°  Hz.  This  expected  behavior  was  indeed  the  case  as  predicted  by  the 
Weibull  estimates  of  characteristic  lives. 

However,  the  assumption  of  log-normality  for  fatigue  data  results  in  quite  different 
answers.  Here  it  was  noted  that  the  estimate  of  the  shape  parameter  was  very  sensitive  to  the 
type  of  data,  the  shape  parameter  obtained  from  extrema  data  of  the  panels  being  about 
twice  the  value  given  by  the  single-hole  specimens.  Furthermore,  the  mean  lives  predicted 
for  both  panels  were  noted  to  be  higher  than  their  single-hole  equivalents  instead  of  the 
opposite  trend,  which  was  expected. 


1  However,  omission  of  these  adjacent  crack  locations  on  both  panels  does  increase  the  mean 
or  characteristic  life  and  the  bounded  values  to  some  degree. 
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Baaed  on  the  results  of  this  specific  investigation,  it  would  appear  that  the  Weibull 
model  is  better  suited  to  handling  extrema  data,  because  consistent  estimates  of  shape  and 
scale  parameters  were  obtained  for  both  these  and  the  central-tendency-type  data. 
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SECTION  VI 


CONCLUSIONS  AND  RECOMMENDATIONS 


1.  CONCLUSIONS 

This  brief  investigation  has  induced  the  following  conclusions: 

a)  The  feasibility  of  using  a  large  but  simple  specimen  to  obtain  extrema  dat;  has 
been  demonstrated. 

b)  The  ability  to  monitor  the  specimen  sufficiently  closely,  to  prevent  initiated 
cracks  from  attaining  a  size  such  as  to  cause  interference  with  adjacent  details, 
was  shown  to  be  quite  practical. 

c)  Although  the  majority  of  the  initiated  cracks  were  at  random  locations,  it  is 
uncertain  whether  complete  independence  of  all  the  initial  cracked  holes  was 
obtained. 

d)  A  difference  in  fatigue  performance  at  the  drill-entry  and  drill-exit  sides  of  the 
specimens  was  observed,  with  the  majority  of  the  initiated  cracks  occurring  on  the 
drill-exit  side. 

e)  Some  discrepancy  was  noted  between  the  finite  elemem  predictions  of  stress  dis¬ 
tribution  over  the  panel  and  the  observed  strain  gage  measurements. 

0  The  applicability  of  the  reliability  analysis  procedure  for  predicting  life  tofirst 
failure  in  the  panel,  based  on  information  from  the  single-hole  specimens,  has 
been  substantiated.  / 

g)  The  Weibull  model  appears  to  better  match  the  extrema  fatigue  data  in  this  study. 

2.  RECOMMENDATIONS  / 

Based  on  the  above  conclusions,  the  following  recommendations  can  be  made: 

a)  Further  analyses  should  be  conducted  to  ascertain  the  cause  of  the  discrepancy  in 
the  measured  and  predicted  stress  distributions  across  the  panel. 

b)  Further  analyses  of  the  fatigue  results  obtained  from  the  large  panels  should  be 
attempted.  Corrections  for  differences  in  stress  levels  should  be  undertaken  to 
normalize  the  data. 

c)  Several  panels  should  be  tested  to  determine  characteristic  or  median  life  at  first 
failure. 
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Figure  I.  Multihole  Funel  Mounted  in  the  EMR  1 50,000- Lb  Programmed  Fatigue 
Testing  Machine 
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Figure  2.  Pane!  1 —Location  of  Strain  Gages  and  Photoelastic  Coatings 
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Uniaxial  Gage: 

On  drill-entry  side  Q 
On  drill-exit  side  g 


Gage  (drill-exit  side) 
Gage  (drill-entry  side) 
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Fiaure  4.  Typical  Section  Showing  Crack- Detection  Circuits  Figure  5.  Detail  of  Crack- Detection  Circuit  Around  a  Single  Hole 
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Figure  8.  Single- Hole  Specimen 
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figure  13.  Panel  2-Hole  Field 
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Figun  14.  Photoelastic  Coating  at  Lower  Right  of  Pane!  1 
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Figure  16.  Typical  Strain  Gage  Data  During  Loading  and  Unloading 
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Figure  19.  Strain  Gage  Data  of  Gages  Next  to  Cold-Worked  Holes 
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Figure  20.  Location  of  Fatigue  Cracks  on  Panel  1 


Table  4.  Single-Hole  Specimen  Fatigue  Test  Results 


Teat 

Hole  location 

j  Ufa  to  crack 

Oack  location 

Life  to 
failure 
(cycles) 

Deck 

Cycle* 

Drill  entry 
or  exit  side 

Hole 

side 

Row 

Column 

length  (in.] 

1 

3 

2 

0.02 

50,000 

Exit 

Left 

13 

8 

0.02 

43.000 

Exit 

Loft 

13 

10 

0.02 

56,000 

Entry 

Left 

a , 

8 

3  ' 

M  2 

50,000 

Entry 

Right 

8 

7 

0.02  ** 

59,000 

Entry 

Right 

6 

8 

9 

0.02 

45,000 

Exit 

Rights 

k  .  61.000 

7 

8 

11 

0.02 

54,000 

Exit 

Right 

‘76.000 

8 

18 

13 

0.02 

42,000 

Exit 

Left 

64.000 

9 

3 

6 

0.02 

39,000 

Exit 

Left 

58.000 

IP 

3 

8 

0.02 

46,000 

Exit 

Left 

61,000 

If 

18 

5 

0.02 

48,000 

Exit 

Left 

67,000 

12 

13 

14 

0.02 

46,000 

Exit 

Right 

59,000 

13 

13 

0.02 

51,000 

Exit 

Left 

68,000 

14 

3 

0.02 

40.000 

Exit 

Right 

54,000 

15 

3' 

0.02 

61,000 

Entry 

Right 

72.000 

16 

13 

0.02 

41,000* 

Entry 

Right 

61,000 

17 

18 

0.02 

54,000 

Entry 

Left 

67,000 

18 

18 

0.02 

37,000 

Exit 

Right 

57,000 

19 

18 

9 

0.02 

37,000 

Exit 

Left 

58,000 

lEfll 

3 

12 

0.02 

55,000 

Exit 

Left 

68,000 

7, »/>/*•  5.  f.i/if*/  7  Fatigue  Test  Results 


1 

Holii  location 

Remarks 

Crack 
length  (in.) 

Cycles 

Drill  entry 
or  exit  side 

Hole 

side 

How 

Column 

mm 

mm 

MEM 

18,768 

Right 

Hole  with  fabrication  gouge 

1 

■Ml 

n 

19,504 

' 

Left 

p* 

14 

006 

20,500 

Entry 

Right 

Hole  with  fabrication  gouge 

2 

1 1 

0.0? 

20,576 

Exit 

Left 

.1 

mm 

1 

0  02 

20,604 

Exit 

Left 

•1 

■■ 

mm 

0  02 

22,548 

Exit 

Left 

b 

1 1 

HH 

23,624 

Exit 

Right 

li 

i 

■S 

24,060 

Entry 

Right 

/ 

a 

1 

24,390 

Exit 

Right 

H 

/ 

mm 

24,690 

Exit 

Right 

>) 

>i 

ra 

26,060 

Exit 

Left 

10 

i.i 

i 

002 

26,400 

Entry 

Left 

Adjacent  to  hole  14-1 

1  1 

19 

b 

0.02 

26,760 

Exit 

Right 

12 

19 

2 

0.04 

26,780 

Exit 

Left 

13 

:i 

1 

0.03 

26,901 

Entry 

Left 

Adjacent  to  hole  4  2 

14 

9 

1b 

0.0? 

26,901 

Entry 

Right 

Adjacent  to  hole  8  14 

i 

0.06 

26,901 

Reworked  hole  at  .’4,060^ 

H> 

.'0 

0.02 

27,205 

Exit 

Right 

Adjacent  to  hole  19-2 

Hi 

13 

1 

0.05 

27,386 

Exit 

Left 

•  / 

3 

mm 

0.02 

27,750 

Entry 

Le‘t 

1  >8 

; 

Efl 

002 

27,815 

Exit 

Right 

Adjacent  to  hole  7-11 

19 

mm 

0.02 

28,636 

Exit 

Left 

Adjacent  to  hole  1 9-5 

20 

13 

■9 

002 

28.788 

Exit 

Right 

40 
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Table  6.  Pa/) el  2  fatigue  Test  Results 
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Failure 

Hole  location 

Life  to  crack 

;  Crack. location 

Cycles 

Drill  entry 
or  exit  side 

Hole 

side 

Remarks 

Row 

Column 

1 

8 

3 

28,615 

Entry 

Right 

15 

6 

29,498 

Entry 

Right 

12 

0.03 

34,850 

Entry 

Right 

fl 1 

0.02 

35,688 

Exit 

Left 

HS 

0.02 

36,160 

Exit 

Left 

9 

i 

0.02 

36,228 

-  Entry 

Right 

Adjacent  to  hole  10-1 

10 

3 

0.02 

36,320 

Entry 

Right 

8 

1 

13 

0.02 

36,480 

Entry 

Left 

9 

9 

6 

0.02 

36,555 

Exit 

Right 

10 

11 

1 

0.02 

36,572 

Entry 

Left 

Adjacent  to  hole  10-1 

11 

15 

12 

0.02 

36,597 

Entry 

Right 

12 

10 

14 

0.02 

37,035 

Entry 

Left 

13 

14 

8 

0.02 

37,246 

Entry 

Right 

14 

14 

5 

0.02 

37,930 

Exit 

Lett 

Adjacent  to  hole  15-6 

15 

1 

0.02 

37,972 

Entry 

Left 

Adjacent  to  hole  4-1 

16 

2 

0.02  / 

38,394 

Exit 

Right 

17 

14 

0.02  \ 

38.900 

Entry 

Right 

18 

11 

0.02  ' 

39,295 

Entry 

Left 

19 

13  j 

7 

0.02 

39,368 

Entry 

Left 

Adjacent  to  hole  12-6 

20 

12 

0.02 

39,410 

Entry 

Right 

21 

14 

#  0.02 

39,480 

Entry 

Right 

Adjacent  to  hole  10-14 

22 

11 

0.02 

39,518 

Exit 

Left 

Adjacent  to  hole  6-12 

23 

17 

0.02 

39,610 

Exit 

Left 

24 

15 

0.02 

39,626 

Entry 

Right 

25 

6 

0.02 

39,658 

Entry 

Right 

Adjacent  to  hole  7-14 

26 

13 

0.02 

39,996 

Entry 

Right 

Adjacent  to  hole  14-5 

27' 

17 

0,02 

40,152 

Exit 

Left 

28 

11 

0.02 

40,212 

Exit 

Left 

29  1 

13 

1 

0.02 

40,333 

Entry 

Right 

30 

8 

2 

0.02 

40,423 

Entry 

Left 

Adjacent  to  hole  8-3 

-  t 

\ 
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Table  7.  Statistical  Parameters  of  Single-Hole  Specimen  Data 


Failure 

order 


Hole  location 


life  to 
0.02-in. 
long 
crack 
Columnl  (cycles) 


39,000 

40,000 

42,000 

43,000 

45,000 

46,000 

46,000 

48,000 

50,000 

51,000 

54,000 

55,000 


Weibutl 

Log-Normal 

Remarks 

Scale 

parameter 

(cycles) 

Sha|>e 

parameter 

Scale 

parameter 

(cycles) 

Shape 

parameter 

Drill-exit  side 


Censored 

53,250 

- j - 

5.55 

49,100 

0.082 

sample, 

14  failures 
(20  tested) 

Drill -entry  side 


Censored 

0.051 

sample. 

6  failures 
(20  tested) 

Table  8.  Comparison  of  Predicted  Time  to  First  Failure  in  300  Details  and  the 
Multihole  Panel  Test  Results 


(eq.  V-28  from  ref.  1) 


Table  9.  Comparison  of  Distribution  Parameters  Obtained  From  the  Single-Hole  and 
Multih.  >/e  Test  Specimens 


Description 

Single-bole 

specimens 

Multihole  specimens  | 

Panel  1 

Panel  2 

T otal  specimens 

20 

297 

299 

Failures  in  censored 
sample  used  tor  estimate 

Drill-entry  side 

6 

20 

Drill-exit  side 

14 

12 

Weibull  distribution 
(eqs.  IV-15  and  IV  16) 

Shape  parameter 

Drill  entry 
side 

10.85 

10.1 

Drill  exit 

side 

5.55 

5.26 

Scale  parameter 
(cycles) 

Drill  entry 
side 

56.900 

52,000 

Drill  exit 
side 

53,250 

50,200 

0.95  lower  bound 
on  scale  parameter 
(cycles) 

Drill  entry 
side 

54,100 

50,200 

Drill  exit 

side 

49,400 

46,300 

Log-normal 
distribution 
(eg.  IV  21) 

Shape  parameter 

Drill  entry 
side 

0.051 

0.098 

Drill-exit 

side 

0.082 

0.181 

Scale  parameter 
(cycles) 

Drill-entry 

side 

54,000 

57.000 

Drill-exit 

side 

49,100 

59500 

0.95  lower  bound 
on  scale  parameter 
(cycles) 

Drill  entry 
side 

49,000 

52,200 

Drill  exit 
side 

44,900 

47,900 

(eq.  IV- 1 5  from  ref.  t) 


(eq.  IV-16  from  ref.  1) 


(eq.  IV  21  from  ref.  1) 


APPENDIX 


STATIC  STRAIN  SURVEY  DATA 


This  appendix  comprises  tables  of  data  relating  to  the  two  multihole  panels.  Tables  are 
presented  establishing  the  location  coordinates  of  the  axial  and  rosette  strain  gages  on  panel 
I  and  the  strain  gages  on  panel  2.  The  strain  readouts  from  all  the  static  loadings  for  both 
panels  are  tabulated,  and  the  reduced  rosette  data  arc  also  included. 
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,v  •  ii'iVf  v  -  j  <  •  .  • ,  .... 


Strain  Gage  Data,  Panel  J,  First  Cycle  Before  Fatigue  Test 


INCREASING  LOAD 


"'^Loaddb) 

|  Strain  (pe) 

Gager's. 

0 

24,000 

48,000 

msssm 

120,000 

144.000 

1 

415 

807 

1,202 

1,594 

1,983 

2.38l\ 

421 

1,183 

1,597 

1,944 

2,330 

SUB 

HKTFrSH 

1,192 

1,568 

1,973 

2,368 

mSSM m 

774 

1,166 

1,558 

1,947  ' 

■E9 

314 

690 

1,069 

1,448 

1,824 

2,206 

6 

350 

735 

1,131 

1,520 

1,912 

2,307 

7 

295 

674 

1,056 

1,432 

1,811 

2,193 

8 

424 

784 

1,153 

1,523 

1,889 

2,265 

9 

431 

820 

1,212 

1,607 

1,999 

2,394 

10 

421 

79? 

1,176 

1,555 

1,931 

2,313 

11 

791 

1,186 

1,578 

1,973 

2,368 

12 

■ 

826 

1,218 

1,607 

1,996 

2,388 

13 

411 

794 

1,179 

1,558 

1,941 

14 

408 

§jMg£3N 

1,571 

1,957 

2,349 

15 

405 

Eg mm 

1,542 

1,921 

2,304 

16 

376 

765 

1,153 

1,542 

1,931 

2,326 

17 

353 

745 

1,134 

1,529 

1,918 

2,313 

18 

356 

752 

SB9 

1,536 

1,925 

2,317 

19 

444 

833 

EeISi 

1,610 

1.999 

2,394 

,Load  (lb)] 
Gage 


1 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


120,000 


1,986 


1,947 


1.976 


1,950 


1,827 


1,915 


1.814 


1,895 


1,999 


1.938 


1,073 


1,999 


1,944 


1.960 


1,925 


1,934 


1,921 


1,928 


2,002 


DECREASING  LOAD 


Strain  lue) 


96,000 


1.597 


1,568 


1.588 


1.558 


1.452 


1,526 


1.435 


1.526 


1,607 


1,558 


1.581 


1,610 


1,562 


1,575 


1,542 


1,545 


1,533 


1,539 


1.617 


72.000 


1,209 


1,186 


1,199 


1.170 


1.072 


1,134 


1,059^ 


1,160 


1,215 


1,183 


1,189 


1,221 


1,179 


1,186 


1,166 


1,153 


1,140 


1,147 


1,225 


,48,000 


813 


807 


810 


778 


693 


745 


677 


794 


823 


804 


794 


833 


794 


800 


784 


768 


748 


758 


836 


24,000 


428 


424 


421 


389 


318 


356 


298 


434 


434 


424 


408 


418 


418 


408 


382 


356 


363 


447 
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Strain  Gage  Data,  Panel  1,  After  Fatigue  Test 

INCREASING  LOAD 


Strain  (/if  I 


24,000 


48,000 


378 

758 

356 

742 

72,000 


1.150 


96,000 


1.539 


120,000 


1.934 


144,000 


2.328 


DECREASING  LOAD 


Load  (lb)T 


Strain  (/tel 

120,000 

96,000 

72,000 

1,940 

1,542 

1,153 

1.900 

1.513 

1,128 

1,910 

1,516 

1,128 

1,910 

1,516 

1.128 

1.780 

1,400 

1,027 

1.860 

1,468 

1,076 

1.770 

1,390 

1,011 

1,900 

1,5.23 

1,144 

1.940 

1,549 

1,160 

1,910 

1,536 

1,157 

1,920 

1,523 

1,131 

1,940 

1,545 

1,160 

2,080 

1,717 

1,345 

1,900 

1,510 

1.128 

1,480 

1,121 

761 

1.880 

1.494 

1.108 

1.890 

1.494 

1,102 

1.860 

1,474 

1,085 

1,970 

1,581 

1,189  , 

48,000 

24,000 

765 

376 

742 

356 

742 

356 

739 

350 

648 

275 

687 

301 

632  ; 

259 

765 

389 

768 

382 

784 

408 

739 

353 

771 

382 

982 

’  625 

745 

356 

408 

52 

719 

327 

706 

311 

b97 

301 

1 
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RElIAUIL  I  T  Y  ANALYSIS  EAT  IGUfc  TEST 
*5  DEGREE  RUSETTt  SINGLE  bAGE  INSTALLATION 
PANEL  NU1  STATIC  TEST  5-4-1570  THRU  UGH  ^-13-1970 

45  JEGRtfc  KUSfcTTL  (SINGLE  INSTALLATION) 

4 

RuSETTE  NUMBER  *  20 

tJ=  If. 5  EC=  10.7  PUISSCNS  RATIO  »  .330 


LEG  STRAINS  (100  MICKUt'NCME  S7 INCHT 


LOAD 

LLG  *A* 

LEG  *ti* 

LEG  *C* 

«■ 

OK 

o.o 

0.0 

0.0 

24K 

3.B 

1.5 

-.6 

46K 

-  7.4 

2.8 

-1.6 

72K 

11.0 

4.1 

—  2.6 

96K 

14.6 

5.2 

-3.6 

I20K 

18.2 

6.6 

-4.7 

144K 

21.0 

7.8 

,  -5.8 

120K 

T  18.3 

6 . 6  / 

-4.8  , 

9oK 

'  14.7 

5.3 

-3.8 

72K 

11. >1 

4.1 

-  ,  .7 

4dK 

7.5 

2.8 

•). .7 

24K 

3.9 

1.5 

-.6 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES 

(KSI  1 

SHEAR  S  ;?5SS  (KSI) 

LOAD 

LEG  *  A* 

LEG  *C* 

LEG  +,v»  OR  *C* 

OK 

0.0 

0.0 

\  G.O 

24K 

4.3 

.8 

-.1 

« >J 

7  2K 

8.1^ 

12.0 

1.0 

1.2 

-.1 

-.1 

96K 

15.8 

l  .,4 

-.3 

120K 

19.7 

1.5 

-.2 

144K 

23.5 

1.7 

-.2 

120K  / 

19.7 

1  .\5 

-.2 

96K  / 

15.9 

1.3 

-.1 

J 

12.0 

1.2 

-.1 

8.2 

.9 

-.1 

24K  / 

4.4 

3.0  \ 

.  8 

-.1 

OK  '  ) 

0.0  ,  ' 

- - -  0.0 

f  i 

•  !  ’  j 

MUSETTE  NUMBER  •  20 


X 

LOAD 


principal  stresses  iksii  angle  ioegreEsi 

FMAX  FNIN  -  THAX  PHI 


OK 

0.0 

24K 

4.3 

48K 

8.1 

72K 

12.0 

96K 

15.8 

I20K 

19.7 

144K 

23.5 

120K 

19.7 

96K 

15.9 

72K 

i  12.0 

48K 

8.2 

24K 

4.4 

OK 

0.0 

0.0 

0.0 

0.0 

.8 

1.7 

-46.7 

1.0 

3.5 

-45.6 

1.2 

5.4 

-45.6 

1.4 

7.2 

-46.1 

1.5 

9.1 

-45.5 

1.7 

10.9 

-45.5 

1.5 

9.1 

-45.5 

1.3 

7.3 

-45.5 

1.1 

5.4 

-*45 .6 

.9 

3.6 

-45.6 

.8 

1.8 

-46.8 

0.0 

0.0 

360.0 

52 


RELIABILITY  ANALYSIS  EATIGUE  TEST 
4$  DEGREE  RJSt'lTE  SINGLE  GAGE  INSTALLATION 
PANEL  NO  I  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 

'  45  DEGREE  ROSETTE  (SINGLE  INSTALLATION) 

RUSETTE  NUMBER  *  21 


CT-  10.5  EC- 

10.7 

POISSONS  RATIO 

LEG  STRAINS  (100  KICROINCHES/ INCH) 

LOAD 

LEG  *4* 

LEG  *8* 

LEG  *C* 

OK 

0.0 

0.0 

0.0 

24K 

5.2 

1.5 

-1.2 

4BK 

9.3 

2.8 

-2.5 

72K 

13.5 

4.2 

-3.7 

96K 

17.7 

5.6 

-5.0 

120K 

21.9 

6.9 

-6.2 

144K 

26.0 

8.4 

-7.5 

120K 

21.  a 

6.9 

-6.2 

96K 

1  7.6 

5.5 

-5.0 

72K 

13.4 

4.1 

-3.7 

48K 

9.2 

2.8 

-2.5 

24K 

5.2 

.  5 

-1.2 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES 

(KSI) 

SHEAR  STRESS 

LOAD 

LEG  *A* 

LEG  ♦C* 

LEG  *A* 

OK 

0.0 

0.0 

0.0 

24K 

5.6 

.5 

-.3 

4BK 

10.0 

.6 

-.4 

72K  , 

14.5 

.9 

-.5 

96K 

18.9 

1.0 

-.6 

120K 

23.3 

1.1 

-.7 

144K 

27.7 

1.3 

-.7 

120K 

23.2 

1.1 

-.7 

96K 

18.8 

UO 

-.7 

72K 

14.3 

•  8 

*•6 

48K 

9r»  9 

.7 

-.5 

24K 

5.6 

.5 

-l.l 

OK 

0.0 

* 

o.o 

0.0 

4 


ROSE  I  It  NUMBER  *  21 


LOAD 

PRINCIPAL 

FMA,X 

STRESSES 
FMIN  . 

( KSI I 
TMAX 

ANGLE  (DEGREES I 
PHI 

OK 

0.0 

6.0 

0.0 

0.0 

24K  ' 

‘5.6 

.5 

2.5 

-48.7 

AttK 

10.0 

.6 

4.7 

-47.6 

72K 

14.5  9 

.9 

6.8 

-47.2 

96K 

IB. 9 

1.0 

9.0 

J  -46.9 

120K 

23.3 

1.1 

11.1 

-46.8 

144K 

27.8 

1.3 

13.2 

—46.6 

120K 

23.2 

1.1 

11.1 

-46.8 

96K 

LB. 8 

1.0 

.  8.9 

-47.1 

72K 

14.3 

*8 

6.8 

-47.4 

48K 

10.0* 

.6 

4.7 

-48.0 

24K 

5.8 

.3 

2.8 

*  -56.9 

OK 

0.0 

0.0 

0.0 

360.0 
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RELIABILITY  ANALYSIS  fatigue  test 
AS  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NOl  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 


45  DEGREE  ROSETTE / 1  SINGLE  INSTALLATION) 

t 

ROSETTE  NUMBER  •  22 

ET«  10.5  EC*  10.7  POISSONS  RATIO  «  .330 


J 


LEG  STRAINS  (100  NICRQINCHES/ INCH) 


LOAD 

LEG  PAP 

LEG  *8* 

LEG  PC* 

OK 

0.0 

0.0 

0.0 

24K 

3.5 

1.3 

-.6 

48K 

7.3 

2.7 

-1.7 

72k 

11.1 

4.1 

-2.9 

96K 

14.9 

5.4 

-4.1 

120K 

18.7 

6.8 

-5.3 

144K 

22.8 

P  e.i 

-6.5 

120K 

18.7 

6.8 

-5.3 

96K 

14.9 

5.4 

-4.1 

72K 

11.1 

4.1 

-2.9 

48K 

9.2 

2.7 

-1.7 

24K 

3.6 

1.4 

-.5 

OK 

0.0 

0.0 

0.0 

9  ' 


TRUE  STRESSES  IKSI)  SHEAR  STRESS  (KS1I 


LOAD 

LEG  *A* 

LEG  PC* 

LEG  PAP 

OK 

0.0 

0.0 

0.0 

24K 

3.9 

.7 

-.1 

48K 

7.9 

.8 

-.1 

72K 

11.9 

.9 

-.0 

96K 

15.9 

1.0 

•0 

120K 

20.0 

>  1.0 

.0 

144K 

24.4 

1.3  ' 

-.1 

120K 

20.0 

1.0 

•0 

96K 

16.0 

1.0 

-.0 

72K 

12.0 

.9 

-.0 

48K 

10.2 

1.6 

-.8 

24K 

4.0  0 

.7 

-.1 

OK 

0.0 

0.0 

0.0 

\ 


* 

6 
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ROSETTE  NUMBER  •  22 


• 

PRINCIPAL 

STRESSES 

(ksii 

ANGLE  (01 

LOAD 

FMAX  / 

FMIN, 

TNAX 

PHI 

OK 

0.0 

•  0.0 

0.0 

0.0 

24K 

3.9 

.7 

1.6  f 

—46.8 

48K 

7.9 

.8 

3.6 

—45.5 

72K 

II. 9 

.9 

5.5 

-45.1 

96K 

15.9 

1.0 

7.5 

-45.0 

I20K 

20.0 

1.0 

9.5 

-44.9 

144K 

24.4 

1.3 

11.6 

-45.1 

120* 

20.0 

1.0 

9.5 

-44.9 

96K 

16.0 

1.0 

7.5 

-45.0 

72k 

12.0 

.9 

5.5 

-45.2 

48K 

10.3 

1.5 

4.4 

-50.4 

24K 

4.0 

.7 

1.6 

-46.8 

OK 

0.0 

0.0 

0.0 

360.0 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 

49  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 

PANEL  NOl  STATIC  TEST  9-4-1970  THROUGH  9-13-1970  ' 

.  \ 

45  0EG8EE  ROSETTE  I  SINGLE  INSTALLATION!, 

ROSETTE  NUMBER  *23 

t 

ET*  10.5  EC*  10.7  POISSONS  RATIO  *  .330 


LEG  STRAINS  IlOO  MICROINCHES/ INCHl 


LOAD 

LEG  *A* 

LEG  *8* 

LEG  *C* 

OK 

0.0 

0.0 

0.0  . 

24K 

3.7 

1.3 

-r.i 

48K 

72K 

7.6 

2.6 

-2.3 

11.5 

4.0 

-3.5 

96K 

15.4 

5.3 

-4.8 

I20K 

19.3 

6.6 

-6.0 

144K 

23.2 

7.9 

-7.2 

120K 

19.3 

6.6 

-6.0 

96K 

15.4 

5.3 

-4.7 

72K 

11.5 

4.0 

-3.5 

48K 

7.6 

2.7 

-2.3 

24K 

3.7 

1.4 

-l.l 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES 

IKSI! 

SHEAR  STRESS  (KSII 

LOAD 

LEG  *A* 

LEG  *C* 

LEG  *A»  OR 

OK 

0.0 

'  0.0 

0.0 

24K  ** 

3.9 

.1 

.0 

48K 

8.0 

.2 

.0 

72K 

12.1 

•  3 

•0 

96K 

16,3 

•  4 

-.0 

120K 

20.4 

•  4 

-.1 

144K 

24.6 

•  5 

-.1 

120K 

20.4 

.4 

-.0 

96K 

16.3 

•  4 

-.0 

72K 

12.2 

•  3 

.0 

48K 

8.0 

.2 

.0 

24K 

4.0 

.2 

.1 

OK 

0.0 

0.0 

0.0 
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ROSETTE  NUMBER  * 


LOAD 


PRINCIPAL  STRESSES  IKSI)  ANGL.E  (DEGREES) 
FMAX  FMIN  TNAX  ;  PHI 


OK 

0.0 

0.0 

0.0 

0.0 

24K 

3.9 

.1 

1.9 

-44.6 

48K 

72K 

8.0 

12.1 

.  2 

3.9 

5.9 

-44.9 

1^44.9 

9k 

16.3 

8.0 

-45.1 

120K 

20. A 

.4 

10.0 

-45.1 

iaWk 

24.6 

.5 

12.0  * 

-45.2 

120K 

20.4 

.4 

10.0 

-45.0 

96K 

-  16.3 

.4 

7.9 

-45.0 

72K 

12.2 

•  3 

5.9 

-44.9 

48K 

a.o 

.2 

3.9 

-44.9 

24K 

4.0 

.2 

1.9 

-44.2 

OK 

0.0 

0.0 

0.0 

360  .0 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 
45  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NO!  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 

45  DEGREE  ROSETTE  (SINGLE  INSTALLATION) 

ROSETTE  NUMBER  *  24 

E  T=  10.5  EC=  10.7  POISSONS  RATIO  *  .330 


LEG  STRAINS 

(100  MICROINCHES/ INCH) 

LOAD 

LEG  *A* 

LEG 

LEG  *C* 

OK 

0.0 

0.0 

0.0 

24K 

3.6 

1.3 

-1.0 

48K 

7.1 

2.5 

-1.7 

72K 

10.7 

3.6 

-2.8 

96K 

14.3 

5.1 

-3.8 

120K 

18.0 

6.3 

-4.9 

144K 

21.7 

7.6 

-5.9 

120K 

18.0 

6.3 

-4.9 

96K 

14.4 

5.0 

-3.9 

72K 

10.8 

3.8 

-2.9 

48K 

7.2 

2.5 

-1.9 

24K 

3.6 

1.3 

-.8 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES  (KSI) 

SHEAR  STRESS 

LOAD 

LEG  *A* 

LEG  *C ♦ 

LEG  *A* 

OK 

0.0 

0.0 

0.0 

24K 

3.8 

.2 

.0 

48K 

7.7 

.8 

-.1 

72K 

11.6 

.9 

-.1 

96K 

15.4 

1.0 

-.1 

120K 

19.3 

1.2 

-.2 

144K 

23.2 

1.5 

-.2 

120K  • 

19.3 

1.2 

-.2 

96K 

15.4 

1.0 

—  •2 

72K 

11.6 

.8 

-.1 

48K 

7.8 

•  6 

-.1 

24K 

3.9 

.5 

-.1 

OK 

,0.0 

0.0 

0.0 
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ROSETTE  NUMBER  *  24 


LOAD 


PRINCIPAL  STRESSES  (KSI)  ANGLE  (DEGREES) 
FMAX  FMIN  TMAX  PHI 


OK 

0.0 

24K 

3.8 

A8K 

7.7 

72K 

11.6  , 

96  K 

15.4 

120K 

19.3 

144K 

23.2 

I20K 

19.3 

96K 

15.4 

72K 

11.6 

ASK 

7.8 

24K 

4.0 

OK 

0.0 

0.0 

0.0 

Q.O 

.2 

1.8 

-44.4 

.7 

3.5 

-46.0 

.9 

5.3 

-45.7 

1.0 

7.2 

-45.5 

1.2 

9.0 

-45.5 

1.5 

10.9 

-45.6 

1.2 

9.1 

-45.6 

1.0 

7.2 

-45.7 

•  8 

5.4 

-45.7 

.6 

3.6 

-45.9 

,  .5 

1.7 

-46.7 

0.0 

0.0 

360.0 

f 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 

- ' 

4 

45  DEGREE  RQSETTE 

SINGLE  GAGE  INSTALLATION 

» 

) 

PANEL  NU1  "STATIC  TEST  5-4-1970  THROUGH 

5-13-1970 

i 

i 

45  DEGREE  RQSETTE 

(SINGLE  INSTALLATION) 

t 

1 

» 

1 

ROSETTE  NUMBER  ♦  25 

j 

ET*  10.5  EC 

*  10.7 

POISSONS  RATIO 

«  .330  ! 

9 

f 

l 

LEG  STRAINS  (100' MICRO INCHES/ INCH) 

LOAD 

LEG  *A* 

LEG  *B* 

LEG  *C* 

■  | 

• 

OK 

0.0 

0.0 

0.0 

■  - 

24K 

4  . 9 

1.3 

-1.5 

48K 

9.1 

2.6 

-2.0 

72K 

-  13.2 

4.0 

-4.Q 

96K 

17.3 

5.3 

-5.2 

120K 

21.6 

6.7 

-6.5 

I44K 

25.0 

8.1 

-7.7 

120K 

21.5 

6.6 

-6.5 

96K 

17.2 

5.2 

-5.2 

72K 

13.1 

3.8 

-4.0 

48K 

9.0 

2.4 

*  .  *2*8 

i 

24K 

4.8 

1.2 

\  -1.5 

OK 

0.0 

,  /O.Q 

0.0 

TRUE  STRESSES 

IK^I) 

SHEAR  STRESS 

iksi) 

LOAD 

LEG  4A* 

LEG  *C* 

LEG  *A4 

OR  *C* 

OK 

0.0 

0.0 

'  0.0 

■ 

24K 

5.2 

.2 

-.3 

>  40K 

9.6 

.3 

-.5 

72K  <i 

14.0 

.4 

-.5 

96K 

18.4 

.6 

—•6 

, 

120K 

22.9 

•  i.7 

-.7 

144K 

27.4 

1.0 

-.7 

120K 

,  22.8 

.7 

-.7 

96K 

10.2 

,  .5 

-.7 

72K 

13.9 

.3 

7-6 

48K 

9.5 

.2 

-.5 

24K 

5.1 

.  1 

-.4 

A 

OK 

0.0 

0.0 

0.0 

- 

■ 

* 

t. 

,  / 

/ 

«  * 

"*  Um  'J 

' , 
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A 

ROSETTE  NUMBER  *  25 


PRINCIPAL 

STRESSES 

(Ksn 

ANGLE  (DEGREES) 

LOAD 

FMAX 

FMIN 

TNAX 

PHI 

OK 

0.0 

0.0 

0.0 

0.0 

24K 

5.2 

.1 

2.5 

-48.6 

48K 

9.6 

.3 

4.7 

-47.7 

72* 

14.0 

.4 

6.8 

-47.1 

96K 

18.4 

.6 

8.9 

-46.9 

120K 

22.9 

.7 

11. 1 

-46.7 

144K 

27.4 

1.0 

13.2 

-46.6 

I20K 

22.8 

.7 

11.0 

-46.8 

96K 

18.3 

.5 

8.9 

-47.1 

72K 

13.9 

.3 

6.8 

-47.4 

48K 

9.5 

.2 

4.7 

-48.2 

24K 

5.1 

.1 

2.5 

-49.2 

OK 

0.0 

0.0 

0.0 

360.0 

\ 


U 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 
4$  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION' 

PANEL  NOi  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 

45  OEGREE  ROSETTE  (SINGLE  INSTALLATION! 

ROSy TE  NUMBER  *  26 

ET-  10.5  EC- 


0.7  POISSONS  RATIO  -  .330 


LEG  STRAINS  (LOO  MICROINCHES/INCHI 


LOAD 

LEG  ♦A* 

LEG  *B* 

LEG  6C* 

OK 

0*0 

0.0 

0.0 

24K 

3.3 

1.2  - 

-l.l 

48K 

7.0 

2.4 

-2-0 

72K 

io. a 

3.8 

-3.1 

96K 

14.6 

5.2 

-5.0 

120K 

18.5 

6.5 

-5.5 

144K 

22.4 

7.9 

-6.6 

120K 

18.5 

6.5 

-5.5 

96K 

14.6 

5.1 

-4.3 

72K 

10.8 

3c  8 

-3.1 

48K 

7.1 

2.4 

-2.0 

24K 

3.3 

1.1 

-l.l 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES  (KSI)  SHEAR  STRESS  IKSH 


LOAD 

LEG  *A* 

LEG  *C» 

LEG  4A* 

OK 

0.0 

0.0 

0.0 

24K 

3.5 

.0 

.0 

48K 

7.5 

.4 

-.1 

72K 

11.6' 

•  6 

-.1 

96K 

15.3 

-.2 

.3 

120K 

19.7 

.7 

.0 

144K 

23.8 

.9 

•0 

120K 

19.6 

.7 

.0 

96K 

15.5 

.6 

-.0 

72K 

11.6 

.5 

-.1 

48K 

7.6 

.4 

-.1 

24K 

3.5 

-.0 

.0 

OK 

0.0 

0.0 

0*0 
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ROSETTE  NUMBER  *  26 


LOAD 

PRINCIPAL 

FMAX 

STRESSES 

FMIN 

(  KSI ) 
TMAX 

ANGLE  (DEGREES) 
PHI 

OK 

0.0 

0.0 

0.0 

0.0 

24K 

3.5 

.0 

1.7 

-44.6 

48K 

7.5 

.4 

3.6 

-45.7 

72K 

i  1.6 

.6 

5.5 

-45.3 

96  K 

15.3 

-.2 

7.7 

-44.1 

I20K 

19.7 

.7 

9.5 

-45.0 

144K 

23.8 

.9 

11.4 

-44.9 

120K 

19.6 

.  7 

9.4 

t44  .9 

96K 

15.5 

.6 

7.5 

-45.0 

72K 

it. 6 

.5 

5.5 

-45.3 

48K 

7.6 

•  4 

3.6 

-46.0 

24K 

3.5 

-.0 

1.7 

-44.8 

OK 

0.0 

0.0 

0.0 

360.0 

f 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 
45  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NOl  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 

45  DEGREE  ROSETTE  (SINGLE  INSTALLATION!  ~ 

ROSETTE  NUMBER  *  27 

ET*  10.5  EC®  10.7  POISSONS  RATIO  «  .330 


LEG  STRAINS  (100  MICROINCHES/ INCH) 


LOAD 

LEG  *A* 

LEG  *8* 

LEG  *C6 

OK 

0.0 

0.0 

0.0 

24K 

3.4 

l.l 

-1.3 

48K 

7.2 

2.4 

-2.6 

72K 

11.1 

3.7 

-3.8 

96K 

15.0 

5.0 

-5.0 

120K  / 

19.0 

6.3 

-6.2 

144K 

22.9 

7.7 

-7.4 

120K 

18.9 

6.3 

-6.2 

96K 

15.0 

5.0 

-5.0 

72K 

11.1 

3.7 

-3.7 

48K 

7.3 

2.4 

-2.5 

24K 

3.4 

1.1 

-1.3 

OK 

0.0 

TRUE  STRESSES 

0.0 

(Ksn 

0.0 

SHEAR  STRESS 

LOAD 

LEG  *A* 

LEG  *C* 

LEG  *A* 

OK 

0.0 

0.0 

0.0 

24K 

3.5 

-.2 

.1 

48K 

7.5 

-.2 

,.o 

72K 

11.6 

-.  1 

.0 

96K 

15.8 

-.0 

-.0 

120K 

20.0 

.0 

-.0 

144K 

24.2 

.2 

-.1 

120K 

19.9 

.1 

-.1 

96K 

15.7/ 

-.0 

-.0 

72K 

11.7 

-.1 

.0 

48K 

7-6 

-.2 

.0 

24K 

3.5 

-.2 

.1 

OK  . 

0.0 

0.0 

0.0 

s 
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ROSETTE  NUMBER  *  2? 


LOAD 


OK  1 

24K 

48K 

72K 

9&K 

120K 

144K 

L20K 

96K 

72K 

48K 

24K 

OK 


S- 


PR INC IP AL 
FMAX 

0.0 

3.5 

7.5 

11.6  * 

15.8 
20.0 
24.2  . 

19.9 

15.7 

11.7 

7.6 
3.5 
0.0 


STRESSES 

FMIN 

0.0 

-.2 

-.2 

-.1 

-.0 

.0 

.2 

.1 

-.0 

-.1 

-.2 

-.2 

0.0 


(KSI  ) 
TMAX 

0.0 

1.9 

3.9 

5.9 

7.9 
10.0 
12.0 

9.9 

7.9 

5.9 

3.9 
,  1.9 

0.0 


ANGLE  IDEGREESI 
PHI 


0.0 
-44.0 
-44.8 
-44.8 
— 45.*l 
-45.1 
-45.2' 
-45.1 
-45.0 
-44.9 
-45.0 
-44.2 
360.0 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 
45  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NO  1  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 


45  DEGREE  ROSETTE  (SINGLE  INSTALLATION! 


ROSETTE  NUMBER  *  28 


10.5 

EC=  10.7 

POISSONS  RATIO 

jf 

LEG  STRAINS 

(100  NICROI NCHES/ INCH! 

LOAD 

LEG  * A* 

LEG  *B* 

LEG  *C* 

OK 

0.0 

0.0 

0.0 

24* 

3.6 

1.3 

—.7 

48* 

7.1 

2.6 

-1.7 

72K 

10.7 

3.8 

-2.8 

96* 

14.4 

5.1 

1  -3.8 

120K 

18.0 

6.3 

/  -4.9 

I44K 

21.7 

7.6 

-5.9 

12  OK 

96* 

18.1 

6.4 

-4.8 

14.5 

5«-2 

-3.8 

72* 

10.9 

3.9 

-2.8 

ASK 

7/2 

2.6 

-1.8 

24K 

3.6 

1.3 

-.8 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES  IKSII  SHEAR  STRESS  (KSII 


LOAD 

LEG  *A* 

LEG  *C* 

LEG  *A*  OR 

OK 

0.0 

Nf.O 

0.0 

24K 

3.9 

.5 

-.1 

48K 

7.7 

.7 

-.1 

72K 

11.6 

.9 

-.1 

96K 

15.5 

%  1.1 

-.2 

120K 

19.3 

'  1.3 

-.2 

144* 

£  23.2 

1.5 

-.2 

I20K 

19.5 

1.4 

—  .2 

96K 

15.6 

l.l 

-.2 

72K 

11.8 

1.0 

-.2 

48K 

7.8 

.7 

-.1 

24K 

4.0 

.5 

-.1 

OK 

0.0 

0.0 

0-0 

J 


0 
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ROSETTE  NUMBER  *  28 


LOAD 


PRINCIPAL  STRESSES  CKSI  )  ANGLE  ( DEGREES! 
FMAX  FMIN  TMAX  PHI 


OK 

0.0 

24K 

3.9 

ASK 

7.7 

72K 

11.6 

96K 

IS.  5 

I20K 

19.3 

144K 

23.2 

120K 

19.5 

96K 

15.6 

72K 

11.8 

A8K 

7.8 

2AK 

A.O 

OK 

0.0 

0.0 

0.0 

"  0.0 

.5 

1.7 

-46.5 

.7 

3.5 

-A5.9 

.9 

5.3 

-45.7 

1.1 

7.2 

-45.7 

1.3 

9.0 

-45.6 

1.5 

10.9 

-45.6 

1.4 

9.  1 

-45.6 

1.1 

7.2 

-45.6 

1.0 

5.4 

-45.8 

.7 

3.6 

-46.1 

.5 

1.7 

-46.9 

0.0 

0.0 

360.0 

\ 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 
45  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NOI  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 

45  DEGREE  ROSETTE  (SINGLE  INSTALLATION! 

ROSETTE  NUMBER  *  29 


E  T=  1G.5 


EC*  10.7  POISSONS  RATIO  «  .330 


LOAD 


LEG  STRAINS  (100  MICRO I NCHES/ INCH! 

LEG  *A*  LEG  *B*  LEG  •€* 


OK 

0.0 

0.0 

5.0 

24K 

4.9 

1.3 

-1.5 

48K 

9.1 

2.6 

-2.7 

72K 

13.2 

4.0 

-4.0 

96K 

17.4 

5.3 

-5.2 

120K 

21.6 

6»8 

-6.4 

144K 

25.8 

8.2 

-7.6 

120K 

21.6 

6.7 

-6.3 

96K 

17.3 

5.3 

-5.1 

72K 

13.  1 

3.9 

-3.9 

4BK 

9.0 

2.5 

-2.7 

24K 

4.8 

1.2 

-1.5 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES 

(KSI  1 

SHEAR  STRESS  (KSI! 

LOAD 

LEG  *A* 

LEG  *C* 

LEG  ♦A*  OR  *C* 

OK 

0.0 

0.0 

0.0 

24K 

5.2 

.2 

-.4 

48K 

9.7 

•  3 

-.5 

72K 

14.1 

.4 

-.5 

96K 

18.5 

.7 

-.7 

120K 

23.0 

.8 

-.7 

144K 

27.5 

1.1 

-.7 

120K 

23.0 

.9 

-.7 

96K 

18.5, 

.7 

-.7 

72K 

13.9 

.5 

-.6 

4BK 

9.5 

.3 

-.5 

24K 

5.1 

.1 

-.4 

OK 

0.0 

0.0 - 

0.0 

\ 


ROSE  TIE  KUKBER  *  29/ 


LOAD 


PRINCIPAL  STRESSES  IKSI)  ANGLE  IDEGREESI 
FNAX  FNIN  TNAX  PHI 


OK 

0.0 

24*  . 

5.3 

48K 

9.7 

72K 

14.1 

96K 

18.6 

120K 

23.0 

144K 

27.5 

L20K 

23.0 

96K 

18.5 

72K 

14.0 

48K 

9.5 

24K 

5.1 

OK 

0.0 

0.0 

0.0 

0.0 

.2 

2.6 

-49.0 

.3 

4.7 

-47.9 

.4 

6.8 

-47.2 

.6 

9.0 

-47.1 

•  8 

11. 1 

-46.7 

1.0 

13.2 

-46.6 

.9 

ll.O 

-46.8 

.J 

8.9 

-47.2 

.5 

6.7 

-47.5 

.  3 

4.6 

-48.3 

.  L 

2.5 

-49.4 

0.0 

0.0 

360.0 

*4 


\ 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 
45  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NOl  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 

45  DEGREE  ROSETTE  f SINGLE  INSTALLATION) 


ROSETTE  NUMBER  *  30 

fc T=  10.5  EC*  10.7  POISSONS  RATIO  *  .330 


LEG  STRAINS  1100  MICRCI NCHES/ INCH) 


LOAD 

LEG  *A* 

LEG  *B* 

LEG  ♦€♦ 

OK 

0.0 

0.0 

0.0 

24K 

3.3 

1.1 

-.7 

48K 

7.1 

2.5 

-1.9 

72K 

10.8 

3.8 

-3.1 

96K 

-  14.7 

5.2 

-4.2 

120K 

18.5 

6.6 

-5.4 

144K 

-  22.4 

8.0 

-6.5 

120K 

18.6 

6.7 

-5.3 

96K 

14.8 

5.2 

-4.2 

72K 

10.9 

3.8 

-3.1 

4dK 

w  7.1 

2.5 

-1.9 

24K 

3.4 

1.1 

-.7 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES  IKSI)  SHEAR  STRESS  (KSI) 


LOAD 

LEG  *A* 

LEG  *C* 

LEG  *A* 

OK 

0.0 

0.0 

0.0 

24K 

3.6 

.4 

-.1 

48K 

7.6 

.5 

-.1 

72K 

11.6 

•  0 

-.0 

96K 

15.6 

.7 

-.0 

120K 

19.7 

.8 

0.0 

144K 

23.8 

1.0 

•  1 

120K 

19.8 

•  9 

.0 

96K 

15.8 

•  8 

-.1 

72K 

11.7 

.6 

-.1 

48K 

7.7 

.6 

-.1 

24K 

3.7 

.4 

-.2 

OK 

0.0 

0.0 

.  0.0 
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0* 


\ 


RQbETTE  NUMBER  *  30 


LUAO 


PRINCIPAL  STRESSES  (KSH  ANGLE  t  DEGREES  1 
FNAX  FMIN  TMAX  PHI 


OK 

0.0 

24K 

3.6 

48K 

7.6 

72K 

U.6 

96K 

15.6 

120K 

19.7 

144K 

23.  B 

120K 

19.8 

96K 

15.8 

72K 

11.7 

48K 

7.7 

24K 

3.7 

OK 

0.0 

0.0 

0.0 

0.0 

.4 

1.6 

-47.3 

.5 

3.6 

-45.7 

.6 

5.5 

-45.2 

.7 

7.5 

-45.1 

.8 

9.4 

-45.0 

1.0 

11.4 

-44.8 

.9 

9.4 

-44.9 

.  8 

7.5 

-45.4 

.6 

5.5 

-45.3 

.5 

3.6 

-45.8 

«  4 

1.6 

-4  7.7 

0.0 

0.0 

360.0 

C 
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RELIABILITY  ANALYSIS  EATIGUE  TEST 
45  DEGREE  ROSETTE  SINQLE  GAGE  INSTALLATION 
PANEL  NO  I  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 

45  OEGREE  ROSETTE  (SINGLE  INSTALLATION) 

ROSETTE  NUMBER  *  31 

ET=  10.5  EC  = »  10.7  POISSONS  RATIO  «  .330 


LEG  STRAINS  (100  MICROI NCHES/ INCH) 


LOAD 

LEG  ^A* 

LEG 

LEG  *C* 

OK 

.  0.0 

0.0 

7  0.0 

24K 

3.4 

1.2 

-1.3 

48K 

7.  3 

2.4 

-2.5 

72K 

1  11.2 

3.8 

-3.7 

96K 

15.1 

5.1 

-4.9 

12QK 

1*9.0 

6.4 

-6.1 

144K 

23.1 

7.8 

-7.3 

120K 

19.1 

6.5 

-6.0 

9e>K 

15.1 

5.1 

*  -4.8 

72K 

11.2 

3.8 

-3.6 

- 

48K 

7.3 

2.4 

-2.5 

24K 

3.4 

l.l 

-1.2 

OK 

0.0 

0.0 

0.0 

TRUE  STRESSES 

IKS  I) 

SHEAR  STRESS 

(KSI) 

LOAD 

LEG  *A* 

LEG  *C* 

LEG  *A* 

OR  *C* 

0.0 
.1 
.0 
.0 
-.0 
-.1 
-.1 
-.1 
-.1 
•  0 
-.0 
.0 
0.0 


OK 

0.0 

0.0 

24K 

3.5 

-.2 

48K 

7.6 

-.1 

72K 

11.8 

-.0 

96K 

15.9 

.1 

120K 

20.1 

.2 

144K 

24A 

.4 

120K 

2<f.2 

.3 

96K 

16.0 

.2 

72K 

11.8 

.1 

48K 

7.6  ; 

-.1 

24K 

3.5 

-.  1 

OK 

0.0 

0.0 
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ROSS  TIE  IMUH0ER  *  31 


LOAD 


PRINCIPAL  STRESSES  IKSI)  ANCLE  IDEGREESI 
F  MAX  EMIN  TMAX  PHI 


OK 

2  AX 

A  OK 

J2K 

96K 

120K 

1AAK 

120K 

96K 

J/K 

ASK 

2AK 

OK 


&.0 

0.0 

5.5 

-.2 

7.6 

-.1 

11.8 

-.0 

15.4 

.1 

20.1 

.2 

2A.A 

.A 

20.2 

•V 

16.0 

.2 

11.8 

.1 

7.6 

1 

3.5 

-.1 

0.0 

0.0 

0.0 

0-0 

1.9 

-43.8 

3.9 

-44.8 

5.9 

-44.9 

7.9 

-45.1 

4.9 

-45.1 

12.0* 

-45.2 

9.9 

-45.2 

7.9 

-45.2 

5.9 

-45.0 

3.9 

-45.1 

1.8 

—44.6 

0.0 

360.0 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 
45  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NO!  STATIC  TEST  5-4-197Q  THROUGH  5-13-1970 

I 

\ 

45  DEGREE  ROSETTE  (SINGLE  I  N$TALLAT  ION) 

ROSETTE  NUMBER  *  32 

ET*  10.5  EC*  10.7  POISSONS  RATIO  «  .330 


*4. 


LEG  STRAINS 

(100  MICROINCHES/ INCH* 

LOAD 

LEG  *A* 

LEG  *8* 

LEG  *C* 

OK 

0.0 

0.0  ■ 

0.0 

24K 

3.5/ 

1.3 

—.6 

48K 

6.9 

2.5 

-1.6 

72K 

&0.5 

3.7 

-2.7 

96K 

14.1 

5.0 

-3.6 

120K 

17.7 

6.3 

-4.7 

144K 

21.3 

7.6 

-5.7 

120K 

17.8 

6.3 

-4.7 

96K 

14.2 

5.1 

-3.7 

72K 

10.7 

3.8 

-2.7 

48K 

7.1 

2.5 

-1.7 

24K 

3.6 

>  1.3 

-.7 

OK 

0.0 

/  0.0 

J 

0.0 

TRUE  STRESSES  (KSI  I 

SHEAR  STRESS  (KSII 

LOAD 

LEG  *A* 

i  LEG  *C* 

LEG  *A*  OR 

OK 

*  0.0 

0.0 

0.0 

24K 

3.9 

.6 

-.1 

48K 

7.5 

.8 

-.1 

72K 

11.3 

1.0 

-.1 

96K 

15.2 

1.2 

-.2 

I20K 

19.1 

1.4 

-.2 

144K 

22.9 

1.6 

-.2  ' 

120K 

19.2 

1.4 

-.2 

96K 

15.3 

1.2 

-.1  l 

72K 

11.5 

.9 

-.1 

48K 

7.7 

.8 

-.1 

24K 

3.9  - 

.6 

1  -.  1 

OK 

0.0 

0.0 

1  0.0 

i 

i 

i 
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ROSETTE  NUMBER  *  32 


LOAD 


PRINCIPAL  STRESSES  (KSI!  ANGLE  (DEGREES! 
FMAX  ENIN  TMAX  PHI 


OK 

0.0 

24K 

3.9 

48K 

7.6 

72K 

11.3 

96K 

15.2 

I20K 

19.1 

144K 

22.9 

I20K 

19.2 

96K 

15.3 

tJk 

11.5 

48K 

7.7 

24K 

3.9 

OK 

0.0 

0.0 

0.0 

0.0 

.6 

1.6 

-47.0 

.8 

3.4 

-46.1 

.9 

5.2 

-45.8 

1.2 

7.0 

-45.8 

1.3 

8.9 

-45.6 

1.5 

10.7 

-45.5 

1.4 

8.9 

-45.7 

1.2 

7.1 

-45.6 

.9 

5.3 

-45.7 

.8 

3.5 

-46.2 

.6 

1.7 

-46.3 

0.0 

0.0 

360.0 

s 
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/RELIABILITY  ANAL Y SI S  FATIGUE  TEST 
AS  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NOi  STATIC  TEST  5-4-1970  THROUGH  5-13-1970 

45  DEGREE  ROSETTE  (SINGLE  INSTALLATION) 

ROSETTE  NUMBER  *  33 

E T=  10.5  EC*  10.7  POISSONS  RATIO 


.330 


P 

LEG  STRAINS  tfOO  MICROI NCHES/  INCH) 


LOAD 

LEG  *4* 

LEG  *B* 

LEG  *C* 

OK 

0.0 

0.0 

0.0 

24K 

5.0 

1.3 

-1.4 

48K 

9.1 

2.6 

-2.6 

72K 

13.2 

3.9 

-3.9 

96K 

17.3 

5.3 

-5.2 

120K 

21.5 

6.8 

“6r  4 

l'/4K  j 

25.7 

8.  1 

-7.6 

120K 

21.4 

6.7 

-6.3 

96K 

17.3 

5.3 

-5.1 

72K 

13.2 

3.9 

-3.B 

48K 

9.1 

2.6 

-2.6 

24K 

5,0 

1.3 

-1.3 

OK 

,1 

.1 

.0 

TRUE  STRESSES 

IKSI  ) 

SHEAR  STRES! 

LOAD 

LEG  ♦ A* 

LEG  *C* 

LEG  *A* 

OK 

0.0 

0.0 

0.0 

24K 

5.4 

.3 

—  .4 

48K 

9.7 

.4 

—.5 

72K 

14. 0 

.5 

-.6 

96K 

18.4 

.7 

-.6 

120K 

22.8 

.8 

-.6 

144K 

27.3 

1.0 

-.7 

120K 

22.8 

.9 

-.7 

96K 

18.4 

.8 

-.7 

J2K 

14.0 

•  6 

-.6 

48K 

9.7 

.  5 

-.5 

24K 

5.4 

.4 

-.4 

OK 

.  1 

.1 

.0 

.  (KSU 
OR  ««C* 
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ROSETTE  NUMBER  •  33 


PRINCIPAL 

STRESSES 

(KSII 

ANGLE  1 DEGREES) 

LOAD 

(FKAX 

ENIN 

TMAX 

* 

PHI 

OK 

0.0 

0.0 

0.0 

0.0 

24* 

3.4 

.3 

2.6 

—49.3 

46* 

9.7 

.4 

4.6 

-47.9 

72K 

14.0 

.5 

6.8 

-47.3 

9M 

16.5 

.7 

8.9 

-46.9 

120K 

22.8 

.8 

II. 0 

-46.6 

144K 

27.3 

1.0 

13.2 

-46.5 

I20K 

22.8 

.8 

11.0 

-46.8 

96* 

L8.5 

.8 

8.9 

-47.1 

72* 

14.0 

.6 

6.7 

-47.4 

ASK 

9.7 

.5 

f  4.6 

-48.2 

24K 

5.4 

•  3 

2.5 

-49.3 

OK 

•  1 

.1 

•  0 

—45.0 

/ 


RELIABILITY  ANALYSIS  FATIGUE  TEST 
45  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NO  I  STATIC  TEST  5-4-19  70  THROUGH  5-13-1970 

45  DEGREE  RUSETTE  (SINGLE  INSTALLATION! 

ROSETTE  NUMBER  *  34 

l 

ET-  10.5  EC-  10.7  POISSONS  RATIO  »  .330 


LEG  STRAINS 

(100  MICROINCHES/ INCH) 

LOAO 

LEG  * A* 

LEG  *8* 

LEG  *C* 

OR 

0.0 

0.0 

0.0 

24K 

3.7 

•  1.2 

-.8 

48K 

7.5 

2.5 

—  1-9 

72K 

11.2 

3.9 

-3.0 

96K 

15.0 

5.3 

-4.2 

120K 

LB.  8 

6.6 

-5.4 

I44K 

22.7 

8.0 

—6.6 

I20K 

18.9 

6.6 

-5.3 

96K 

15.1 

5.3 

-4.2 

72* 

11.3 

3.9 

-3.1 

4  ax 

7.5 

2.6 

-1.9 

24X 

3.8 

1.2 

-.7 

OK 

* 

0.0 

.0 

0.0 

TRUE  STRESSES  (LSI)  SHEAR  STRESS  (KSIJ 


LOAO 

LEG  *A* 

LEG  *C* 

LEG  *A* 

OK 

0-0 

0.0 

0.0 

24X 

4.1 

•  6 

-.2 

48K 

8.0 

•  6 

-.2 

72K 

12.1 

.8 

-•2 

96X 

16.0 

.9 

-.i 

120K 

20.1 

1.0 

-.i 

144K 

24.2 

1.1 

-.i 

120K 

20.2 

1.0 

-.i 

96X 

16.  1 

.9 

-.i 

72X 

12.1 

>9  0 

-.i 

48K 

8.1 

.7 

-.2 

24K 

4.2 

.6 

-.2 

OK 

0.0 

0.0 

.0 
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ROSE  Tit  NUH6CR  •  3* 


LOAO 


OK 

24K 

48K 

72K 

96K 

120K 

144K 

120IC 

96K 

72K 

48K 

24K 

OK 


principal 

FMAX 


STRESSES  IKSI& 
FM1N  TMAJt 


angle  ioegheesi 
phi 


0.0 

4.1 

8.0 

L  2  » l 
16.0 
20.  I 

24.2 

20.2 

16.1 

12.1 

8.1 

4.2 

.0 


0.0 

.5 

.6 

.8 


.9 
1.0 
1.  1 


.8 


.7 


0.0 

1.8 

3.7 

5.6 

7.6 

9.5 

11.6 

9.6 

7.6 
\5.7 

3.7 

1.8 

.0 


0.0 

-48.8 

-46.5 

-45.9 

-45.3 

-45.2 

-45.2 

-45.3 

-45.4 

-45.6 

-46.5 

-48.7 

0.0 
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RELIABILITY  ANALYSIS  FATIGUE  TEST 
45  DEGREE  ROSETTE  SINGLE  GAGE  INSTALLATION 
PANEL  NUl  STATIC  TEST  5  W970  THROUGH  5-13-1970 

45  OfcGRfeE  ROSETTE  (SINGLE  INSTALLATION) 

ROSETTE  NUMBER  *  35 

ET*  10.5  -EC*  10.7  POISSONS  RATIO  *  .330 


LEG  STRAINS  (100  MICROINCHES/ INCH) 

LOAO 

LEG  *A» 

LEG  *B* 

LEG  *C* 

OK 

0.0 

0.0 

0.0 

24K 

3.6 

1.1 

-1.2 

48K 

7.4 

2.4 

-2.4 

72K 

11.3 

3.7 

-3.5 

96K 

15.2 

5.0 

-4.7 

120K 

'19.1 

6.4 

-5.9 

144K 

23.1 

7.7 

-7.0 

120K 

19.2  ) 

6.4 

-5.8 

96K 

15.3 

5.1 

-4.6 

72K 

11.4 

-3.5 

48K 

7.6 

2.5 

-2.3 

24K 

3.7 

1.2 

-1.2 

OK 

•  0 

.0 

.0 

TRUE  STRESSES 

(KSI) 

SHEAR  STRESS 

LOAO 

LEG  * A* 

LEG 

LEG  *A*  l 

OK 

0.0 

0.0 

J  0.0 

24K 

3.S 

-.0 

-.1 

48K 

7.8 

•  1 

-.  1 

72K 

11.9 

.2 

-.2 

96K 

16.1 

.4 

-.2 

120K 

20.3 

•  5 

-.2 

144K 

24.5 

.7 

-.2 

120K 

20.3 

•  6 

-.2 

96K 

16.3 

.5 

-.2 

72K 

12.1 

.4 

-.2 

48K 

8.0 

.2 

-.1 

24K 

3.9 

•  1 

-.1 

OK 

.1 

•  1 

.0 
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ROSETTE  NUMBER  *  35 


LOAD 

PR  INC  I  PAL 
FMAX 

STRESSES 
,  EMIN 

(KSI  ) 
TMAX 

ANGLE  ( DEGREES 
PHI 

OK 

0.0 

0.0 

0.0 

0.0 

-46.7 

24K 

3.8 

-.0 

1.9 

ASK 

7.8 

.1 

3.9 

-45.9 

72K 

ii-9 

.2 

5.9 

-If  5. 8 

96K 

16.1 

.4 

7.9 

-45.7 

120K 

20.3 

.5 

9.9 

-45.6 

144K 

24.5 

.7 

11.9 

-45.5 

120K 

20.  3 

.6 

9.9 

-45.7 

96K 

16.3 

.5 

7.9 

-45.7 

72K 

12.1 

.4 

5.9 

-45.7 

ASK 

8.0 

.2 

3.9 

-45.9 

24K 

3.9 

.1 

1.9 

-46.5 

OK  ' 

.1 

.1 

.0 

-22.5 

i  ■ 


t 
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Strain  Gage  Data,  Panei  2,  A  ft  at  Fatigue  Test 


INCREASING  LOAD 


Strain  (/it) 

(lb) 

Oi|J\ 

0 

74,000 

m 

m 

B 

144.000 

1 

434 

826 

MEM 

wnrrm, 

MEM 

2,400 

i 

10 

456 

846 

1,230 

1,810 

2,380 

3 

10 

437 

831 

MEM 

>,620 

2,030 

2,420 

4 

MmCm*. 

388 

783 

1,180 

1,670 

KB 

2,370 

6. 

. 0 . . 

288 

870 

trm 

1,420 

1.810 

2,100 

'  6 

""  7~ 

gO| 

386 

764 

1.180 

mkijm 

MS2M\ 

'  343 

728 

MEM 

2.280  | 

8 

18 

440 

828 

BUS 

MK3M 

fBSESMM 

0 

18 

440 

831 

1,220 

1,010 

2,010 

mmmp 

0 

416 

708 

1,170 

jpesbi 

■Q££31 

2,310 

jk^j 

18 

424 

■rcrei 

mem 

1,080 

2,370 

mKmBM 

HHHHi 

BbB 

■  ■ 

■CBK 

T 


DECREASING  LOAD 


Strain  (fit) 

wm 

m 

72.000 

48.000 

wm 

0 

i 

1,608 

wBsm 

622 

434 

0 

2 

1,000 

1,675 

1,226 

841 

Kin 

13 

^iilHBBi 

2,022 

1.621 

1,226 

828 

BK2HB 

18 

in 

1.867 

1,666 

ZMJOZmi 

780 

386 

nnjggn 

1,808 

1,423 

MftHUSH 

OJXA 

OC© 

288 

°  j 

6 

t,967 

_  1.5W  , 

760 

389 

mmm 

7 

1,883 

1.491 

1,110 

725 

340 

mom 

8 

1.986 

1,604 

1,213 

826 

440 

19 

0 

1.608 

1,217 

829 

23 

10 

1.028 

fldSKB 

1,167 

789 

414 

0 

11 

1.973 

MezB 

1,104 

420 

16 

18 

— 

— 

— 

- 

— 

— 
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tests  of  small,  single-hole  specimens  loaded  under  the  same  conditioners  the  large  panels  and  showing  a  hole 
stress  field  identical  to  that  in  the^trr^STpsmt? These  estimates  were  used  to  predict  the  median  time  to  first 
failure  in  the  large  panel.  /  .  v 

The  constant-amplitude/atigue  tests  establish  the  feasibility  pi  testing  single  specimens  with  a  large 
number  of  identically  stres^d  details  to  examine  ihe  time -to- failure  distribution  characteristics  of  the 
population  of  details.  _  ^ — 
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